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1 INTRODUCTION AND CONTEXT

We are experiencing rising, record temperatures and extreme weather events which impose ever
growing costs and threaten the livelihood of all of us. Seventeen of the eighteen warmest years on
record have occurred in the2dentury. The messagedm the recentritergovernmental Panel

on Climate ChangelRCC) report on 1.5°C is clearer than ever betorduman activities have
caused around 1°C of global warming to date, we are already experiencing changes in weather
and climate extremes, and temgeres continue to ridelf not managed well, these impacts will
significantly compromiseglobal human health and safetgevelopment, economic growth,
biodiversity and camave animpacton migration flows and spur a downward global spiral of
social fraglity and conflict. Climate change is a threat multiplier that can underinibeth

inside and outside the ElUsecurity and prosperity, including economic, food, water and energy
system§ For a discussion on the impacts and concerns for Europe, sea S&tti

At the same ti me, combatti ng cgbti man émngifgange i n
demography, technologies, digitalisatiopresent an unprecedented opportunity to prepare the
European Union for a safe, prosperous and competitivecttury. Thetransformation away

from afossil fuelbased economy is a vital part of sustainable development, and can be combined
with a host of benefits such as improved human health and air quméter energy securjty

more efficient resource usad even more economic and political stability in the third ctemt

The transformation provides an important opportunity for our -temngn competitiveness. As
innovation accelerates, and costs afHoarbon technologies continue to fall, it is important to
ensure that the EU remains an industrial leader, that citizens are empowered in the process, and,
at the same time, to ensure thatam® is left behind. These different dimensions have been
brough together in the Energy Uniamd Digital Single Markét

Recognising that climate change represents an urgent threat to societies and the planet, the Paris
Agreement sets all countries the goal of keeping global warming well below 2°C, and pursuing
efforts to limit the increase to 1.5°C. To achieve this goal, the Agreement also sets out the aim of
peaking global greenhouse gas emissions as soon as possible, and achieving a balance between
anthropogenic emissions by sources and removals by sinks of gusenbases in the second

half of this century.

The Paris Agreement also invites all Parties to communicate, by 2020, to the UNFCEC, mid
century, longterm low greenhouse gas emission development strategies. On the basis of the best
available scientific kawledge, these strategies should allow our societies to plan and prepare for
the long term, and inform policy making in the short term. This assessment supporting the long
term strategy explains not only how energy and climate policy measures have dg\aldpe
continue to evolve; it also highlights the industrial competitiveness consequences and

! European State of the Climate 2017, Copernicus Services of the European Centre for-Radgem
Weather Forecasts (ECMWF)the Climate Change Service (C3S) and the Atmosphere Monitoring
Service (CAMShttps://climate.copernicus.eu/CopernicusESC

2|PCC SR15 (2018), Special Report on Global Warming of 1.5°C

% The years 2012017 were the warmest figear period on record and 2018 is set to catithis pattern,

see WMO Statement on the State of the Climate in 2017, World Meteorological Organisation (2018); and

Global Climate Report June 2018, National Oceanic and Atmospheric Administration (2018). Climate

change is increasing global average gematures. The recent IPCC report (IPCC (2018) Special Report

on Global Warming of 1.5°C) concluded that hurmaguced global warming reached approximately 1°C

above prée ndustri al l evels in 2017 (see FAQ snfatt he repo
around 0.2°C per decade.

* See also sectioh.6 regarding the impact of climate change and the need to adapt to it.

® https://ec.europa.eu/commission/priorities/digimlgle market_en
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implications for jobs and economic growth that come with the innovatimks technology
necessaryo deliver on energy and climate goals. Together with the dewelopof the circular
economy, the transformation of the energy sector is harnessing a range of technologies and new
practices which are changing the way our energy markets and indeed the way our economy work,
creating dynamic new sectors and opportunif@sjobs and growth and a more prosperous
Union.

1.1 Global and EU action to achieve the Paris Agreement

Keeping average global temperature rise well belo@ @nd pursimg efforts to achieve 1.&
compared to prindustrial levels will require global actiomhe Paris Agreement fully recognises
this.

In pursuit of Paris Agreement goals, over 190 countries made mitigation pledges to reduce
emi ssi ons, s o call ed nationally determi ned
contribution to the Paris goals haseln examined in a number of stu@iesThese clearly show

that the NDCs represent a considerable step forward compared to a baseline without global
climate action. However, achieving the NDCs would leave global emissions in 2030 above a
level consistent ith well below 2°C. They are broadly consistent with pathways resulting in 3°C
warming by 2100, and, according to the IFC@ould not limit warming to 1.5°C even if
supplemented by very challenging emissions reduction after Z0@0Joint Researdfentre, in

its annual Global Energy and Climate Outljdiound that achieving the targets of the NESCs
would still lead to continued global emission increases in the coming decade, with potential
global emissions peaking at 51 Gte@ per year as early 2925. Assuming a continuation of
efforts at this levét beyond 2030, would see emissions starting to decrease at a global scale but
not at all at the scale required to achieve the well beldvdbjective. Projectionsisteadsee

these efforts as consistewith a temperature rise of around 3°C by the end of the ceriigyré

1).

® See for example United Nations Environment Programme (UNEP) (2017), The Emissions Gap Report
2017.

"UNFCCC (2016), Aggrgate effect of the intended nationally determined contributions: an update.

8 Unless otherwise stated, references to IPCC in this document refer to the 2018 Special Report on Global
Warming of 1.5°C

® JRC (2017), Global Energy and Climate Outlook 2017wHdimate policies improve air quality,
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC107944/kjna28798enn(1).pdf

19Both conditional and unconditional NDE€and including achievement of the US NDC.

M Continuing the same level of effort assumes global GHG intensity of GDP continues to decline at the
20202030 rate.
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Figure 1: Left: world emissions (GtCO.eq) and percent change in emissions intensity per
unit of GDP. Right: global average temperature change.
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What is clear is that global action presently is changing the géshedsion pathway but not at
sufficient pace. After three years of flat emissions globally, 2017 actually saw glokal CO
emissions from energy and industry rising again by %¥2%

The pace of greenhouse gas (GHG) reductions will have to shift stronglyl@tiad scale. The

EU has long supported the global objective of reducing global emissions by at least 50% by 2050
compared to 1990 to ensure global temperature stays be@# Recent scien¢econfirms that

such & objective with a further decline to @& net zero GHG by 2100 or just belosemains
consistent with pathways that have a likely chance (above 66% ¢thasfdeeeping temperature

rise below 2°C this century. This finding is also supported by analysis conducted by the
Netherlands Environmentalssessment Agency and JRC for this report Egere2)"’.

Achieving net zero GHG emissions by the end of the century will require significant anebunts
negative emissions from the land use sector through for instance afforeseftioestatiorand
other types of ecosystem restorationfrom carbon dioxide removal technologies (CDR) to
compensate for the remaining emissions that are hardest to atémiior instance ne@0O,
emissions related to food production.

Acting to reduce global emissions as quickly as possible will place the world on a safer path and
reduce the need for negative emissions technologies later on. A slower pace of emissions
redwction by 2050 would require steeper reductions thereatfter, including deployment of negative
emissions technologies at even greater scale and faster. This may require net negative greenhouse
gas emissions towards the end of this century, with a net withitd\CQ, from the atmosphere

121EA (2018), Global Energy and GGtatus Report 201p.3
http://www.iea.org/publications/freepublications/publication/GECO2017.pdf

13Le Quéré et al. (2017) Global Carbon Budget 2017. Earth System Science Dataibiscus
https://doi.org/10.5194/esstD17123

1 European Council Conclusions, 29/30 October 2009

15 Based on Table 2.4 of the Special Report on 1.5°C, supplemented by EDGAR database and Global
Carbon Foject to track global emissions from 2010 back to 1990.

YWhile there is no official definition of o6well belo
chance of keeping global warming below 2°C. Tdweragetemperature change expected intsuc
pathways is therefore lowértypically 1.71.8°C in 2100.

" Esmeijer K., den Elzen M.G.J., Gernaat D., van Vuuren D.P., Doelman J., Keramidas K.,-Wihgng
S., Després J., Schmitz A., Forsell N., Havlik P. and Frank, S. (2018), 2 °C and 1.5 °Coscanari
possibilities of limiting the use of BECCS and d{@pergy. PBL report 3133, PBL Netherlands
Environmental Assessment Agency, The Hague
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to compensate for past emissions and, possibly, reduce global temperatures following an
overshoot of the 2°C thresholiloreover, delayed actions to reduce greenhouse gas emissions
increases the risk of cost escalation, tatkn carboremitting infrastructure and stranded assets.

Figure 2: Well below 2°C and 1.5°C projections

Global greenhouse gas emissions for 2°C and 1.5°C
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Source:2°C and 1.5°C runs from POLEERCand IMAGE models, and comparable runs from the
scientific literaturé’.

Limiting global warming to 1.5°C requires even greater, and more urgent, action. In a 1.5°C
world, typical projections reach net zero GHG issions by 2070, and become negative
afterward®’® (Figure2). In such scenarios, global Gemissions would have to become net zero
already by 2050, as confirmed by the IPCC.

Negative CQ emissions in energy, industry and land use have to compensate not only for
residual GHG emissions but also to correct for possible temperature overshohtdwngcnet
negative GHG emissions. The IPCC Special Report orClialso clear: scenarios with no or
low overshoot of the 1.& temperature objective, and lower amounts of net negative emissions,
tend to be closer to zero GHG emissions globaly209D.

The EU longterm strategy neasdo consider the possible contribution of the EU to such global

pathways. The EU already has a strong record of considering the global picture when setting its
own climate action targets. Our existing objective for 2030 iduce emissions by 5% in

18 See in particular Table 2.4 of IPCC (2018), Special Report on Global Warming of 1.5°C.
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the context of necessary reductions, according to the IPCC, by developed countries a¥.a group
It is now time to update the evalwuation of
following the entry into force ofhe Paris Agreement, the adoption of legislation to achieve the
2030 Framework (see Secti@®) and new scientific evidence, as synthesised irCIEpecial

Report on 1.5°C.

The 2050 Low Carbon Economy Roadifaemonstrated that it is feasible and affordable for

the EU to reduce domestic emissions by 80% by 2050 compared to 1990, with a milestone of
reducing by 40% by 2030. Recent science confimat t he EUG6s reducti on
at least 80%, including emissions and absorptions of the land use, land use change and forestry
sector (LULUCF), remains in line with projections that look at global emissions reduction
achieving the well below Z objective efficiently (see sectiah3).

To be in line with the 1.5°C objectiyvsignificantly higher reductions are needed. Full technology
pathways with efficient global action beyond 2020 may see EU GHG reductions, including
emissions and absorptions of the land use sector, at ar®l¥to-96% below 1990 levels in
2050(see sectioir.d).

Such scenarios rely heavily on net negative emissions later on in the century to remove actively
CO, emissions from the atmosphere. If the aim is to reduce the need for large net negative
emissions in the second half of the century, higher reductions earlier in the order of magnitude of
-100% by 2050 need to be considered, achieving a net zero GHG acbyp&@050. This would

also be a precaution to avoid carbon latk

By doing so, the EU would confirm its leadership, to inform other countries on the challenges
and opportunities ahead and catalyse the global transition in line with ti& dbfective éee
also sectiory.3for further details).

Therefore the assessment presented in this report in support of the development of the Strategy
for longterm EU greenhouse gas emissions reduction in accordance with the Paris Agreement
looking at a range of GHG reducticstenarios starting at-80% going up toc100% by 2050
compared to 1990.

12 Europeds need to act to achieve the

All regions across the globe are facing the disruptive force of major-tnexgds. Digitalisation is

rapidly changing the industrial environment, simultaneously allowing and requiring continuous
innovation. A rapidly emerging global middle class will open new margkicing at the same

time constraints on scarce resources. Resource constraints will require our economy to continue
efficiency gains to remain competitive, in a context where diverging population trends will
constitute a clear challenge for Europe. Last not least, climate change and its associated
challenges are global phenomena that will affect all societies.

Many of these trends are independent from the energy transition: the energy system will have to
adapt to these dynamics. At the same time,ethergy transition will alleviate the problems
caused by resource scarcity and climate change. Moreover, many of these trends will continue
regardless of EU policies. Europe should prepare for the changes ahead and the European Union
is the framework allowig Member States to adapt collectively.

9 European Council cofgsions, 2930 October, 2009. The objective is based on the findings of the IPCC
Fourth Assessment Report, which represented the best available science at the time of its adoption in
2007.

20 Communication from the Commission, A Roadmap for moving to a @ttive Low Carbon Economy
in 2050. COM(2011) 112 final
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The scope of these challenges, the need to develop solutions implementable on a large scale, the
importance to weigh in the climate and energy diplomacy and beyond, the international nature of
energy fuels and techlogies marketsand the global repercussions of European consumptions

all contribute to th@eed ofdeveloping a concerted action at EU level.

The value of such action is clear when looking at the role the EU played over the last decade. The
EU climate ad energy policies contributed significantly to global action and awareness on
climate change, clearly leading the world and demonstrating how to address the challenge.
Further decarbonisation will increase energy security, while demonstrating feasitenacand
technological pathways to a prosperous and sustainable society.

The EU can act as a catalyst of concerted global resptreggsut multilateralism at their core

This may be through research and innovation programmes,-deafge flagship technology
projects, or the development of new industrial strategies and market designs, or simply by its
ambition. In a world of large trade blocks competing for technolodgealership, the EU needs

to act jointly. A core virtue of EU action is bringing togetteercommon visionyresources,
financing and regulatory regimes to implement coherent policies action across a domestic market
of 500 million people. This is the scalajmired to deal with the vast global challenges. This was
demonstrated with the European drive to promote renewable energy technologies, which scaled
up industrial effort, in the EU and around the world, reducing costs to the benefit of the entire
world. The public consultation conducted by the European Commission in preparation for this
strategy found thahere issignificantsupport bothfrom individuals androm organisationsfor

the EUto achieve a balance betwe@iG emissions and removals by 206&8e sectiory.1).
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2 EU ACTION TO DATE REDUCI NG GHG EMISSIONS AND TRANSFORMING ITS
ENERGY SYSTEM

2.1 Decarbonisation and energy transformation to date

Sincel199Q Emissions have reduced in all sectors, except for the transport $egtoe@). Over
the last 3 years changes in emissions were smidll,slightly increasing emissions in 2015 and
2017 and slightly decreasing emissions in 2016.

Figure 3: EU greenhouse gas emissions by sector 192017
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Structural changes in the European economy and policiesipporting renewables and energy
efficiency resulted in a decoupling of economic growth from GHG emissions and energy
consumption. GHG emissions in the EU peaked several decades ago and continuous decoupling
of growth and jobs creation from GHG emissiomsl &nergy has been observed since 1990.
Between 1990 and 201@rovisional data indicate t@tal emissions decreasé 22%, while the

EU6s combi ned 8%,Dnuhichgmphkes thad the gieenhouse gas intensity of the
economy was halved in this perfad

Over the past years, economic growth and energy consumption have also decoupled. The steadily
declining demand for energy in the EU is attributed primarily to energy efficiency measures in
the Member States.

2L European Environmental Agency (2017), EU GHG inventory 1B®08, proxy GHG estimates for
2017.
22 CcoM(2018) 716 final
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The longterm decoupling trend is clear: in Z)lthe EU consumed 2% less primary energy than

it did in 1990, while GDP grew by 54% over the same period. EU energy consumption gradually
decreased between 2006 (its highest point) and 2014, with the primary consumption reducing by
12% over the period-1.5% per year) and the final demand reducing by 1104% per year).
However, since then, energy consumption has started to rise again in part due to colder winters,
continued economic growth and lower fuel prices. Statistics show that, in 2016, prireegy en
consumption was 2% higher than in 2014 and final demand was 4% higher. Preliminary
estimates indicate that energy consumption has been further increasing in 2017 (+1.4% for
primary consumption and +1% for final consumption compared to 2016). Itds ttlat with
economic growth pushing energy consumption upwards, further efforts are needed in order to
reach the 2020 energy efficiency target (primary and final energy have to reduce by respectively
5.2% and 3% over 2018020). In this context, a strictenforcement of the existing legislation is
desirableFigure4 shows energy consumption trends in the EU.

Figure 4: Primary and final energy consumption in the EU
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Renewable enerqy

In the last decade, policies implemented by the European Union and other frontrunners in the
fight against climate change have transformed the energy industry. Support progricmsde

have kickstarted a dramatic decrease in the cost of renewable energy techndétagiesy). As

the IPCC notes in the Special Report on €,5he energy system transition is underway, and the
political, social, economic and technical feasibility of solar energy, wind energy and electricity
storage technologies has improved dramatically over the past feyears

Renewable energy technologiesch as wind energy, bioenergy and solar photovoltaic are now
mainstream market players. Investment in renewable power accounted firirtigoof global
spending in power generation in 2017. The increasing share of renewable energy investments is
partly the result of a slump in the commissioning of new fossil fuel capacity (in particular coal
fired power plants in India, China and Eurdfe)

2 |PCC Special Report on Global Warming of 1.5°C, Chapter 4.
% |EA (2018), Wortl Energy Investment 201Bitps://www.iea.org/wei2018
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Figure 5: The levelised cost of electricity for projects and global weighted average values
for CSP, solar PV, onshore and offshore wind, 2012022
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Source: IRENA.

Helped by the European support policies, renewable energy has been increasing continuously in
the EU, with its share doubling since 2004 when renewables covered only 8.5% of gross final
energy consumptiofFigure 6). In the period 2002016, the share of renewable energy grew
annually by 6.0% on average. Annual growth slowed slightly to 5.2% in thetshoriperiod
20112016. Compared to 2008, direcatdaindirect employments in renewable energy more than
doubled, increasing from 660 000 to 1.43 million jobs.

Figure 6: Share of renewable energy in gross final energy consumption in the EU
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Z|RENA (2017), Renewable Cost Database and Auctions Databhage;//www.irena.org/
/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017 Power_Costs 2018.pdf
% https://ec.europa.eu/eurostat/web/energy/data/shares
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The power sector has matee most important steps towards decarbonisation with the closure of
most inefficient thermal generation, the growth of renewables and the contribution of nuclear
(generating together 56% of G@ee electricity in 20@&); better interconnection; more liquid and

more flexible markets. Greenhouse gas emissions from the power sector decreased by 26% from
2005 to 2016. Developments in the power market structure allowed integrating an increasing
share of variable renewablemgration. Connecting markets through appropriate infrastructure
and cross border trading rules allowsignificant increass liquidity and security of supply
significantly. The EUwide electricity market now allow$i¢ aggregabn of demand and supply

of almost 500 million citizens.

Dedicated infrastructure was built to enable higher penetration of renewable electricity, for
instance through interconnection of areas with complementary renewable energy resources or by
connecting offshore wind parks to thrartsmission network. To date, more than 30 Projects of
Common Interest (PCIls) have been completed in the power sector and 47 are scheduled to be
built around 2020.

Heating and cooling

With 50% of EU energy demanthatis used for heatini buildings andn industrial processes,
renewables have also made an important contribution in this area. Over the period from 2004
until 2016, the renewablesharein the heating and cooling sector has almost doubled from
10.3% to 19.1% and provided 99.3 Mtoe. Solid kassiremains the largest contributor with 80%
growing from 1.8 Mtoe in 2004 to 78.8 Mtoe of energy in 2016. Other renewable heat solutions
has started from very low basis, but has shown rapid growth over the last decade. Heat pumps
increased more thdivefold from 1.8 Mtoe in 2004 to 9.9 Mtoe in 2016 and constitutes 9.9% of
renewable heat production. Similar spectacular increases were observed in biogas (growing from
0.7 Mtoe to 3.4 Mtog(3.5%) and solar thermal (2.1 Mtoe or 2.1%). Renewable waste reamins
important heat source (3.4 Mtoe, 3.8%), while direct geothermal heat embarked on a dynamic
growth in the last five years (0.8 Mtoe, 0.8% in 2616)

The EU is a market leader in renewable heat technologies. It is second in installed solar thermal
capadies and number one in solar district heating. Spain, Greece, Portugal, Cyprus are market
leaders in individual solar thermal installations with mandatory solar requirements in new
buildings. Large solar installations are used in Denmark, Austria, Fidecmany, Sweden, The
Netherlands and Poland. In 2017, 9 lasgale solar thermal systems were added in Europe, in
Denmark (46% of new capacities), Germany, Sweden and F¥ance

Transport

In 2017, transport emissions excluding international aviationnaeuitime represented close to

22% of the total emissiongransport emissionsicluding international aviation and maritime
transportemissions were close t®% of total emissiongransport is therefore a sector with a
significant role in the energy andimate policy. Greenhouse gas emissidram transport
continue to rise, and in 2017 were 20% higher than in 1990 (excluding international aviation and
maritime). Abating transport emissions remains challenging and, in certain regions, the impact of
air pdlution from fuel combustion on the populatiorailsoa concern.

On mad light and heavy duty vehicles aby far the main emitterof greenhouse gas (GHG)
emissions from transport. In 2016, it accounted for 95% of all GHG emissions from transport.
Intemational aviation is not included in the figures above and account for 3% of total EU

2" EurObserver, The State of Renewable Energies in Europe, 2017
2 |EA, Solar Heat Worldwide (2018), Cesfficient district heating development.
2 METIS Studies 9 (2018),atnmissioned by the European Commission.

22



greenhouse gas emissions. Emissions from international aviation have more than doubled since
1990 (as the improvements in energy and emissions efficiency of aviationbleawemore than
compensated by increase of traffic)

Emissions from road transport experienced a decrease between 2007 andl@@d)3d(e to
increased road vehicle efficiency, high oil prices and slower growth in activity as a result of the
crisis. Sincehen theyhavestarted picking up again, driven by the recovery of transport activity

in the context of the low oil price environment and economic recovery. Over the last ten years
new technologies (electrification) have been penetrating the market, stibbeit relatively slow

rates.

The evolution of greenhouse gas emissions in transport follows the evolution of energy use in
transport. By 2016, final energy consumption in transport was at similar levels to those observed
in 2005. Improvements in energfficiency of cars, trucks and aircraft counterbalanced the
increased transport activity over this peffodhe impact of modal shift was more limited. Other
factors like behavioural change and low capacity utilisation in road freight transport had a
negdive impact, slightly increasing the energy consumpgtion

The currently dominant transport technologies are tightly linked to liquid fossls. flliquid

fuels, with their high energy density, are particularly suited for mobile applications. Oil
represented 95% of the energy consumed in the transport sector in 2016: air transport and
waterborne transport consume almost entirely petroleum psydwad transport depended on
petroleum products for 95% of its energy us&trail transporionly 30%.

The EU share of renewable energy in transport reached 7.1% in 2016. Biodiesel remains the most
widely used form of renewable energy in transport withvitoe in 2016, followed by bioethanol

with 2.6 Mtoé’. However, biofuels consumption slightly declined since 2014, being below the
peak levels registered in 2012. Renewable electricity in transport still represents only 1.9 Mtoe in
2016, but itscontribution has been significantly increasing recently, with the vast majority of it
consumed in rail transport (only around 2% in road transport)

As a result of both EU and Member State level measures, the average specific fuel consumption
of the EU mssenger cars fleet went down from around 7.4 litres/100km in 2005 to 6.9
litres/100km in 201%. However, after several years of steady decline, the averagen@i§sions

of a new car sold in the EU rose by 0.4 g&® in 2017 to 118.5 gCgkm, according d
provisional data published by EB&°. Since 2010, when monitoring started under current EU
legislation, official emissions have decreased by 22 @0 (16%). Nevertheless, further
improvements need to be achieved by manufacturers to reach the 202aftakggCQ/km.

% ODYSEEMURE (2018) http://www.odysseenure.eu/publications/efficiendyy-
sector/transport/driversorsumption.html

31 According to Art. 17 (1) of the Renewables Directive, wertified biofuels cannot be counted towards
national and EU renewable energy targets.

32 Eurostat (2018), SHort Assessment of Renewable Energy Sources (SHARES),
https://ec.europa.eu/Eurostat/web/energy/data/shares

33 ODYSSEEMURE (2018), Online energy indicatorsitp://www.indicators.odyssemure.eu/online
indicators.html

34 EEA (2018), No improvements on average,@®issions from new cars in 2017,
https://www.eea.europa.eu/hightitg/neimprovementson-averageCO,

% Since 1 September 2017, the 'Worldwide harmonized Light vehicles Test Procedure’ (WLTP) has been
introduced so that laboratory results better represent actual vehicle emissions on the road. For 2017 EU
Member States hafibr the first time the possibility to report WLTP emission factors, but values were
reported for just 7300 vehicles (0.05% of new registrations). According to EEA, the low number of
WLTP values means it is not yet possible to provide a representativesmsse of the new
measurement protocol.
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EEA provisional data also show that sales of battéegtric vehicles (BEV) and pldg hybrid

electric vehicles (PHEV) increased by 42% in 2017. However, the share of these categories in the
new fleet remains low, at around 1.5%. Regtitin of BEVs in 2017 (97 000 vehicles) increased

by 51% compared to 2016, while sales of new PHEVs increased by 35%. The largest number of
BEV were registered in France (26 100 vehicles), Germany (24 350 vehicles) and the UK (13
600 vehicles). The relatvshare of BEV and PHEV sales combined in the national car sales in
2017 was highest in Sweden (5.5%), Belgium (2.7%) and Finland (2%6%r the first year

since monitoring started, petrol cars became the most sold vehicles in the EU ahead of diesel
cars, constituting almost 53% of sales.

Industry

The industrial sector is an important sector of economic activity, producing a large share of EU
GDP and offering employment to a large share of EU population. Moreover, the inidastty
especially Energy Intensive Industry (Ellprovides materials and goods that are critical for our
way of life: from cement and steel, being the basic matemalsdnstructing the buildings we

live in, to plastics and aluminium, used in cars, appliances and packaging. All these materials are
produced from industrial processes requiring significant amount of energy and emitting, directly
or indirectly, a high amou of GHG emissions.

Industrial activity contributes about 16% of EU's GDP and emits (directly) about 15% of total
GHG emissions. In 2015 the energy intensive industry sectors directly emitted approximately 700
million tonnes of CQ which represents r@duction by more than 30% compared to 1990 levels.
This was the second largest source of emissieduction after the power sector (for production

and heat). At the same time, final energy consumption of industry was reduced by about 20%.
This was obserd especially in the energy intensive industries.

The abovechangesare due to a combination of factors. On one h#melEU economy has been
restructuring, shifting to an increase of the services sectors and a lower share of the energy
intensive industry.On the other hand, industry has been very active in reducing its energy
consumption and switching to lower carbon fuels. The energy efficiency investments performed
by the industry, together with the increased use of recytedreusedmaterials, whichrequire
significantly less energy and produce less emissions, were two major drivers for this trend. For
example, over the last decades, the recycling rate of paper in Europe has increased substantially
from an average of 40% in 1991 to 72.5% in 2016. Meee certain chemical industries with

very high NO and fluorinated gases emissions reduced their GHG emissions by 93% between
1990 and 2015.

The situation in the different industry subsectors is not homogeneous. The EU Iron & Steel and
the Chemicabectois have reduced their GH&nissions by about 60% between 1990 and 2015.
On the other hand, the reductions in GHG emissions for thenesallic minerals (cement, lime,
glass, ceramics) were about half, around 30%. Similarly, the use of low carbon engayg car
and particularly renewable energg mostly limited to the use of biomass resouraeg.in
sectors like the pulp and paper industry.

In addition, the European Commission is working on the European Processor Initiativé (EPI)
which catherstogether 23 partners from 10 European countries, with the aim to bring to the
market a low power microprocessor. It gathers experts from the High Performance Computing
(HPC) research community, the major supercomputing centres, and the computingamd sili

36 https://ec.europa.eu/digitalngle market/en/newsilgopeanprocessaoinitiative-consortiumdevelop

europesmicroprocessorfuture-supercomputers
37 https://ec.europa.eu/digitalngle market/en/higkperformancecomputing
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industry as well as the potential scientific and industrial users. This initiative will be buoyed
through a Framework Partnership Agreement.

Land and Agriculture

The EUOGs bal ance of emi s si o ndluxaesuttingfremhonena | s f or
management of vegetation and soikferred to as the natural sjrtkas remained fairly constant

for over two decades, at a little und@&00 MtCGQeq/yr, or around 10%f the EU's2005 EU

emissions outside of the Emissions Trading System

A number ofreasons explain this stability since the 1990s. First, the area used for agricultural
production has decreasdtiereby enabling the slovincrease in forest areand related
sequestrationSecondwith the decrease in crop area and an improved techndloggregement

of inputs, CQ released from agricultural soittecreasedThird, European forestare relatively
young and annual forest growth (increment) has been stioafthoughthis is projected to
decline as the forests adgeurth despite increasinfprest harveston averageonly up to 2/3rds

of available forest biomasmnual incremernis exploited leading to aontinuedlevel of carbon
sequestration in forests but also in harvested wood prodilibese positive trends on the
LULUCF sink were howver partly counterbalanced by steady increase in emissions from
settlements.

In contrast to the land sector, agriculture @@D,) emissions in the EU28 have declined by over
20% since 1990, or in absolute terms by nearly 150 MeGQer year. The mosiportant

source of the EU's agriculture n@®O, emissions is nitrous oxide emissions from agricultural

soil management. These represent around half of the total agriculture emissions in the EU, mainly
due to the application of mineral nitrogen fertilisenteric fermentation emissions of methane

gas make up onthird, mainly from cattle and sheep. Emissions of both gases from manure
management add a further 16%. Despite historical emsgsoiuction, maintaining agricultural
output can be compatible with a reduction of emission intendftiElse decrease so far can be
attributed to several factors: on the one hand, productivity increases and a structural decrease in
cattle numbers, and ohé other hand improvements in farm management practices in general.
However, a recent rebound of this trend shows that ensuring future reductions will be
technologically difficult and potentially costly.

The impact of increased biomass demand since 20@8e0BULULUCEF sink is so far not very

clear, reflecting the interaction of different factors regarding biomass sources. The significant
emergence of energy crops on economically marginal agricultural land has yet to materialise,
while timber demand has &e lower than forecast by Member States in 2011. Forest growth
could also have benefited from the double boost of lower harvests and improved fertilisation
through atmospheric GONevertheless, this relatively benign trend could be disturbed and the
overdl land sink could decrease more significantly through to 2p&@jally due to aging of the
forests, leading to negative impactstba EU's overall emissions and removals balance.

In conclusion, the interactions between land uses and the subsequenbefiemission and
removals from the land sector is complex. Rules and incentives for food, feed, fibre production
and bioenergy may variously support or undermine the historical trend of a stable overall sink in
the EU.

Waste and Fgases

Greenhouse gasressions from waste declined from 236 Mt@@ in 1990 peaked in 1995 at
344 MtCO2egand in 2016 were 138ItCO,eq Most of the emissions are methdaa important

% Fig 3 in LULUCF SWD(2016) 249 final
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greenhouse gas, with a 19@ar warming potential 28 times larger than &0 with 124
MtCO,eqin 2016°.

The decline is mainly the result of the EU waste legislation. The Landfill Dirétiieerts
biodegradable waste away from landfills and requires recovery and control of landfill gas. The
EU Waste Management Framework adds to this by givingrityr to recycling and energy
recovery over landfilling. In addition, national policies in several member states completely ban
landfilling.

Emissions from fluorinated gases (such as HFC anjli&éreased sharply from 72 MtG€y in
1990 to 124 MtC@q n 2014 and have remained stable since (#220,eqin 2016). The
stabilisation already reflects thegas regulation adopted in 2004 as well as the Mobile Air
Conditioning (MAC) Directiv&” that limit the use of cooling agents with high greenhouse
warming ptentials.

2.2 EU policies on the way to the Paris objectives

The first explicit energy and climate policy package that addressed emissions reduction at the
same time as energy sector reform was th®R0 targets launched in 2007, withe EU
Emissions Trading System (EU ET8hprovements, the Renewable Energy Direéfivéhe
Energy Efficiency Directiv¥ as well as the "$package of energy market liberalisafforThe
implementation of the legislation that emerged proved the turning poingdtirgy recognisable
change in the energy sector.

2.2.1 2011 Roadmaps

Building on this approach and structure, in 2011 the Commission came forward with three
strategic roadmaps based on a consistent analytical frameworkRottimap for moving to a
competitive dw carbon economy in 205¢he Energy Roadmap 205@nd theRoadmap to a

Single European Transport Aréalowards a competitive and resource efficient transport system
(commonly referred to as tieransport White Papgf’. These Roadmaps presented fundaaient
aspects of the transition to a low carbon economy in 2050;effisent GHG emissios
reduction milestones for 2030, and “regret optionsT more energy efficiency, higher shares of
renewable energy and energy infrastructure developmefdr the tansition towards a
competitive, sustainable and secure energy system. These roadmaps cover all sectors of the
economy, with a clear emphasis on energy and transport. They jointly serve to demonstrate the
consistencyfeasibility and credibilityof the EU'sagreed objective to reduce GHG emisstbns

by 8095% in 2050 compared to 1990, in the context of necessary reductions by developed
countries as a group to limit global warming to below 2s stated by the European Council in
2009°.

39 |PCC ARS5: Myhre et al., 2013.
“0 European Environment Agency data viewer
https://www.eea.europa.eu/da&tad maps/data/dataiewers/greenhousgasesviewer
*I Council Directive 1999/31/EC
*2 Directive 2006/40/EC
*® Directive 2009/28/EC
* Directive 2012/27/EU
“> Directives 2009/72/EC, 2009/72/EC, Regidas (EC) 713/2009, 714/2009, 715/2009
4°COM(2011)112, COM(2011)885, COM(2011)144
4" Covering all domestic emissions (including agriculture) but not emissions from LULUCF.
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The Roadmap for moving to a competitive low carbon economy in &@&0ed pathways for the

EU to cut its domestic greenhouse gas emissior80% below 1990 levels by 2050. It dedd
milestones for a cosffective pathway towards this objective: a 40% reduction below 1990
levels by 2030 (as later endorsed in the 2030 Climate and Energy Policy Fraffiesesk 2.2

and 60% below 1990 levels by 2040. All the main sectors responsible for Europe's eniissions
power generation, industry, transport, buildings, construction and agricultwaild need to
contribute.

The Energy Roadmap 2050explored the contribution of the energy sector to such
decarbonisation objective86% of energyelated CQ emissions relative to 1990). It set out four

main routes to a more sustainable, competitive and secure energy system in 2050: energy
efficiency, renewable energy, nuclear energy and carbon capture and storage.

The White Paper on Transportiefined a miecentury vision for the transport sector that
continues to serve the needs of the economy and of the citizens while meeting futuegntenstr

oil scarcity, growing congestion and the need to cut G&D% by midcentury relative to 1990)

and pollutant emissions. To this aim, the White Paper put forward four broad areas of
intervention: internal market, innovation, infrastructure, intéonmal aspects. For each of these
areas, a tegrear programme (by 2020) was defined with 40 specific action points, containing a
handful of specific initiatives. The strategy set in the White Paper was to a substantial degree
based on low emission fuels, exgy efficiency, better multimodality of transport and new
technologies that would lead to optimised jourf&ys

These Roadmaps have been instrumental in setting the EU on track with the UNFCCC agenda,
setting 2030 targets and exploring the kvagn perspctive. It was a strong driver for other
stakeholders and to develop their roadmaps.

EU legislation governing the reporting of climate related information includes an obligation for
Member States to report by 2015 their progress on the development oflaiveiarbon
development strategies. The reported informatiffers greatly across Member Staiasterms

of type of documents, timeframe, level of details, approach, ambition level, sectors cover and
status of legal implementation. A forthcoming repmirthe EEA summarises the state of reported
information, with presently 13 plans reported at Member StateTevel.

2.2.2 2030 targets and Energy Union

Drawing on the analysis presented in the roadmaps and following discussions and guidance from
the European Couwil, the Commission made proposalsn 2014, for a policy framework for
climate and energy in the period from 2020 to 208ftably 2030 targets. On this basis, the
European Council agre®dto the 2030 strategy with targets on reducing greenhouse gas
emissions byat least40%, increasing the share of renewable energy to at least 27%, and
achieving an energy efficiency improvement of at least 27%. Legislation provisionally agreed in
July 2018 revisewwvo targets upwards to at least 32.5% for energy effigieandat least32% for

“8 Conclusions of the European Council of 23 and 24 October 2014.

9 To date, the Comission has issued proposals in most of the 40 action points of the programme and
more than 60% of the initiatives planned could be considered as broadly covered. The White Paper
mid-term implementation report of 2016 noted that there was still little pssgachieved towards some
of the goals, in particular, decreasing the oil dependency ratio and limiting growth of congestion.

%0 Overview of LowCarbon Development Strategies in European countries Information reported by
Member  States under the European iddn Monitoring Mechanism  Regulation,
https://acm.eionet.europa.eu/reports/#tp

*1 COM (2014) 15 final. A policy framework for climate and energy policy in the period from 2020 to 2030

*2 EUCO (169/14), European Council Conclusions 24 October 2014
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renewables (se.2.3 and introduces for the first time, via the Governance Regulation,
instruments to ensure coherentdaierm energy and climate policy planninghe Commission

also published its Energy Security Straf8gin 2014. The detailed inteelationships and
synergies available in policies and measures addressing decarbonadi@mergy policy
objectives weregch that it became clearer that the nexus between energy and climate policies
could be drawn even closer together. At the same time, the Commission published its vision of
the future of a circular econortiy bringing together the themes of environmeptaicy (waste,
pollution) with industrial production policy (e.g. recycling and new materials) and with research
and innovation policy.

TheEnergy Unionlaunchedn 2015aimed at exploring and leveraging the synergies between the
decarbonisation objectived other energy policy priorities, by setting broader goals covering
five mutually reinforcing dimensions: energy securityernal energy market, energy efficiency,
decarbonisation (including renewable energy developmerg$earch, development and
conpetitiveness. It is in this context that the most recent initiatives were developed.

An important aspect of the Energy Union is the recognition that citizens must be at the core of the
transition. The Commission is thus committed to delivering a newfdeanergy consumers
helping them to save money and energy through better information; giving consumers a wider
choice of action as regards their participation in energy markets; and, maintaining the highest
level of consumer protection.

The Commission hady November 2018 tablethe majority of the legislative proposals
necessary to establish the Energy Union, and enabling actions are being implemented to
accelerate public and private investment and support a socially fair clean energy transition.
Furtherefforts will be required to ensure the completion of the Energy Union by the end of the
current Commission's mandate in 2019: not only further progress in adopting the remaining items
of the legislative framework but al$o implementing the enabling framverk and securing the
involvement of all parts of society. It should be noted that among those enabling actions, many
will have much longer time horizon than 2050: facilitating access to finance or assistance for
carbonintensive regions as the two key sne

The first legislative deliverable under the Energy Union to implement the 2030 targets was the
revised ETS directivé which regulates GHG emissions from large point sources (mainly power
sector and industry) and aviation. The annual ETS cap reducti®rina@ased with a view of
achieving 43% reductions by 2030 compared to 2005, while the Market Stability Reserve was
strengthened to address the surplus of EU allowances that has built up historically. This review
has already impacted positively the carlpsite signal. A second set of legislation, the Effort
Sharing Regulatiofiand Regulation on the inclusion of greenhouse gas emissions and removals
from land use, land use change and forestry in the 2030 climate and energy framework, regulates
emissions amh absorptions of the sectors outside the EU ETS. It does so by setting emission
trajectories and reduction objectives per Member State, taking into account different capabilities
to reduce GHG emissions.

Also within the decarbonisation pillar of the Enetdgion and in accordance with Article 40 of

the Euratom Treaty, the Commission presented in 2017 the latest nuclear illustrative programme
(PINC). The programme provides averview of developments and investments needed in the
nuclear field in the EU foall the steps of the nuclear lifecycle. It underlitiest nuclear energy

>3 COM (2014) 330

> COM (2015) 614

% Directive (EU) 2018/410
*® Regulation (EU) 2018/842
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remains an important compondntthe energy mix in Europe with a 2050 horizon, as well as
identifies some priority areas, such as ways to continuously increase safety, impreve cost
efficiency of nuclear power plants and enhance the cooperation among Member States in
licensing new and existing nuclear power plants.

The security of supply pillar had also early deliverables: the Regulation on Security of Gas
Supply’ that aims at preveiniy gas supply crises and ensuring a regionally coordinated and
common approach to security of supply measures among the Member States and the Strategy for
Liquefied Natural Gas (LNG) and gas stor&taat outlined future EU action that will contribute

to a greater flexibility of gas supply, in particular through LNG and gas storage.

In parallel, the IGA Decisioi, adopted in April 2017 significantly increased the transparency of
intergovernmental agreements between Member States and third countriefighl tbkenergy
that have become subject to a mandatorarbe assessment by the Commission regarding their
compatibility with EU law.

For the research, development and competitiveness pillar the Strategic Energy Technologies
(SET) Plan has beemkey celiverable and crucial component linking EU, Member State and
industry action. Following the new strategy as published in @@iblic and private parties, at

EU and national level, have joined forces to identify targets for R&I in energy technolodies in t
next 5 to 15 years. These have been turned into 14 implementation Plans that identify concrete
action where Member States, industry and the European Commission cooperate to increase the
impact of R&l investments.

The majority of legislative proposalsuilding the Energy Union were then delivered as a part of
the Clean Energy for All Europeans package (see sei®r® 1 notably in the field of
renewable energy, energy efficiency, internal market operation and remaining aspects of security

of supply.

2.2.3 Clean Energy for All Europeans

While an important part of the legislative framework for a 40% GHG emissions reduction target

has been established the revised ETS Directivahe Effort Sharing Regulatioand LULUCF

Regulation, the two interlinked targets of energy efficiency and renewable energy sources were
addressed in the Clean Energy for All t®Baropeans
Clean Energy packageo). On 30 November 2016, e
strategy on Cooperative Intelligent Transport Systems in the field of mobility were proposed as

part of this packagé It was a major milestone in the construstiaf a robust Energy Union and

setting the EU on the ambitious decarbonisation trajectory that was set out with the Paris
Agreement.

By November 2018 hie European Parliament and the Council have reached an agreement on four
of the eight legislative propals from the Clean Energy package: Energy Performance in
Buildings Directiv&? Renewable Energy Directive, Energy Efficiency Directive, and Regulation
on the Governance of the Energy Union and Climate Action. Thus, progress and momentum
towards completinghe Energy Union and combatting climate change are well under way.

" Regulation (EU) 2017/1938

%8 COM(2016) 49 final

%9 Decision (EU) 2017/684 of the European Parliament and of the Council
0 C(2015) 6317 final

1 COM(2016)766 final

2 Amended EPBD entered into force on 9 July 2018.
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The novel and robust Governance of the Energy Umind Climate Action Regulatiowill
ensurecoherencea nd bett er ¢ ooper ohgiteomenargly anMdimebeepolicySt at e s ¢
plannng and foresee reportingeview and close monitoring of progress. As a result of the
Governance Regulation, Member States are expected to establish and to subndh thear
integratedNational Energy andClimate Plans (NECPshby the endof 2019 covering all five

dimensions of the Energy Uniomhese plans will definend explore synergies between Member
Statesd objectives and contributions to the Ene
for the noRETS sector as set in the Effort ShariRggulation national contributions to the EU

renewable energy and energy efficiency targéth a view to their achievement by 2030. This

will put the EUin a good position to reduce greenhouse gas emissions beyond the 40% target by

2030 and onhe decabonisation trajectory. National energy and climate plans are required to be
consistent withboth the EUlongterm strateg and the national Long Term Strategies to be

submitted by January 2028ationalEnergy andClimate Plans can be updated, for the fitene,

in 2024 with the requirement that national objectives, targets and contributions can be revised
upwards (reductions of net greenhouse gas emissions) or to reflect an equal or increased ambition
(energy efficiency, renewable energy sources).

The ageed 2030 EU energy efficiency and renewables targets build oexperiencethat
concrete energy objectives do influence the pace of new technolbgietopmentand cost
reduction through economies of scalallowing important benefitdbe reapeddy industries,
businesses and citizer&his wasexperienced over the last decade.

The binding European Unienmide target of at least 32% of renewable energy in gross final

energy consumption in 2030 is supported by ambitious measures addressing untégmued po

for renewables in heating, cooling and transport. Moreover, measures will be put in place to
facilitate the participation of citizens in the energy transition throughceeumption and

energy communities and to enhance the sustainability ohéigg. An ambitious review of
electricity market rules wunderpins the European
renewables in power.

For energy efficiencya target ofat least 32.5% energy efficiency to be achieved collectively by

the EU n 2030was agreed in the new Energy Efficiency DirectiVlee Directive also includes

an annual energy savings obligation of 0.8% of final energy consumption to be achievedin 2021
2030?, which will trigger private investments in ende sectors, especialh buildings, and also

in theindustry and transport sectors. Other important changes were made to strengthen the rules
for metering and billing of thermal energyespecially in multapartment buildings with
collective heating systems. The revised enproved Energy Performance in Buildings Directive
(EPBD) includes measures to strengthen the energy performance of new buildings, to accelerate
the rate of building renovation towards greater energy efficiency so as to tap into the huge
potential for efftiency gains in the building sector. It also encourages the use of information and
communication technology (ICT) and smart technologies to ensure buildings operate efficiently
and supports the retiut of the infrastructure for-mobility. The Governanc®egulation also
includesa definition of "energy efficiency first" principle which should now apply across the five

% |t represents a real annual savings rate to deliver the energy savings obligation froendirpl
consumption (which also includes energy uses in transport), and the rate of 0.8% is more ambitious
than 1.5% (set for the current period 220P0) because it is set as a minimum rate to be applied in the
calculation of the required energy savirigs 20212030; the flexibilities may be used only in addition
to this minimum. This savings obligation (of 0.8%) would continue to be applicable also after 2030
unless the review by the Commission by 2027 would conclude otherwise. A much lower rate {§.24%)
set for Malta and Cyprus.
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dimensions of the Energy Union. This gives recognition to the importance of energy efficiency as
a solution in energy planning, policy amyé€stment decisions.

Regarding security of supply, the Commission proposed the Electricity Risk Preparedness
Regulatiofi*. This addressed the existing shortcomings in the area such as different, often not
transparent national rules and procedures and ladkossborder ceoperation. Theproposed

Risk Preparedness Regulation provided rules on (1) how to assess risks, (2) what a risk
preparedness plan should look like, (3) how to deal with crisis situation and (4) how to monitor

security of supply.

Regardilg the internal market, further (to the existing acquis) regulatory improvements were
proposed to the electricity sector to ensure that Eunggehe right market desigim placeto
undertake the multiple tasks ahead (notably integration of high amouraigaifle renewables in
power). The vision behind these propossihat connecting national markets though appropriate
infrastructure and common crd@sborder trading rulesignificantly reduces the costs of the
energy transition for consumers and enhansecurity of supply; connected markets require
greater coordination and coherence is needed if national markets are to be integrated. If views
and requirements for electricity trading, generation adequacy and security of supply converge,
markets can funitin more efficiently and treat market participants more fairly. Such coherence
and coordination is also needed to facilitate decarbonisation and energy efficiency objectives.

The Clean Energy package has a very strong consumer focus that is also avleittheti2050
decarbonisation strategy.ttliuspromotes consumers as active and central players in the energy
markets of the future. It is designed to facilitate all consumers across thenklg a better
choice of supply, access to reliable energy pecim@parison tools and the possibility to produce
and sell their own electricity. The package also proposes further transparency rules\aiug EU
regulation principles to facilitate opportunities foitizensto become more involved in the
energy system ahrespond to price signals. Last, but not least, the package also contains a
number of measures aimed at protecting the most vulnerable consumers.

2.2.4 Industrial policy strategy and strategic value chains

In September 2017, the Commission adopted the Comntigmicélnvesting in a smart,
innovative and sustainable IndustrnAn Industrial Strategy for Europe”. This outlined the main
priorities and key actions for strengthening Europe's industrial base, including: a deeper and
fairer Single Market, upgrading ingdiy for the digital age, building on Europe's leadership in a
low-carbon and circular economy, investing in infrastructure and new technologies to drive
industrial transformation, supporting industrial innovation on the ground, promoting open and
rulesbased trade and empowering regions and cities to address challenges. Implementation of the
strategy will require a joint commitment from industry as well as all relevant European, national
and regional stakeholders.

As follow-up to the Renewed EU Industriablicy Strategy, the Commission has also established

a Strategic Forum on Important Projects of Common European Interest (IPCEI). This expert
group will identify by summer 2019 a number of key value chains for Europe, which require
well-coordinated actioetween public authorities and key stakeholders from several Member
States, recommend vahgbain specific actions and facilitate agreements to take forward new
joint investments in those key value chains, including possible new IPCEIs.

% Proposal for a Regulation of the European Parliament and of the Council qrejsiedness in the
electricity sector and repealing Directive 2005/89/EC, COM/2016/0862-f2@16/0377 (COD).
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Raw materialshaw been an i mportant part of the EUO®S
Raw Materials Initiative in 2008In September 2017, the Commission presented its latest
assessment of those raw materials that are important or even critical for EU valise lchséu

on economic importance and supply ffslseveraltechnologies that are important for energy
system decarbonisation are part of this assessment (e.g.-eletiidy, storage)

2.2.5 EU Mobility strategy and mobility packages

A further major and largeestor, critical for energy consumption, emissions and indeed for the
functioning of the whole economy, is the transport se¢teretoo, the EU has been preparing
major advances to improve the functioning of the transport sector and to instil it cemtrally
Europebs decarbonisati on aBEupeae rSategyyfor samvc t o r
Emission Mobility’® was adopted in July 2016. It aims at ensuring that Europe stays competitive
and is able to respond to the increasing mobility needs of people and goods, while meeting the
challenge of shifting towards leemission mobility. The Strategy confirms the 20d/hite
Papet’g o a | s : -céntory, greentbuse gas emissions from transport need to be at least 60%
lower than in 1990 and be firmly on the path towards zero. Emissions of air pollutants from
transport that harm our health need to be drastically reducadtvout del ay 0.

To this end, theStrategy for LowEmission Mobilityproposed a comprehensive Action Plan
building on three pillars: (1) higher efficiency of the transport system, (2)etoigsion
alternative energy for transport, and (3) {foeand zero emissn vehicles, including both
legislative and notegislative action.

The Commission has acted swiftly by adopting proposals on most of the actions listed in the
Action Plan of the Strategy, notably through the adoption of the Clean Energy teurélbeans
package in November 2016 (which included the European strategy on Cooperative Intelligent
Transport Systems), the first Mobility Package in May 2017, the second Mobility Package in
November 2017 and the third Mobility package in May 2018.

The fir st Mobility Packageput forward a first set of eight legislative initiatives with a special
focus on road transp8tt These proposals aimed notably at improving the functioning of the road
haulage market, enhancing the employment and social conditionsrkéns, and promoting

smart roaetharging in Europe. The Commission also made a propbgaiow adoptedfor a
monitoring and reporting system GO, emissions and fuel consumption for HDV (lorries and
buses)to promote the uptake of the most fedficient vehicle&’. In addition, a number of nen
legislative accompanying documents, presented a wide range of EU policy support measures
designed to accelerate the shift to a sustainable, digital and integrated mobility system
(investment financing for infrastcture, research and innovation, collaborative platforms, etc.).

The second Mobility Packad® included legislative initiatives on road transport vehicles,
infrastructure and combined transport of goods. The initiatives, including grst@ards for
carsand vans, public procurement and alternative fuels infrastructure, focus on the reduction of
greenhouse gas emissions and air pollutant emissions and aim for a broad take up of low
emission alternative fuels and lemission vehicles on the market.

%5 COM(2017) 490 final, 13.09(1.7.

% COoM(2016)501 final

57COoM(2011)144

%8 https://ec.europa.eu/transport/modes/road/news/P8I31-europeon-the-move _en
% Regulation (EU) 2018/956

0 https://ec.europa.eu/transport/modes/road/news/20408-driving-clearmobility en
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With the third Mobility Packagé®, the Commission aimed to ensure a smooth transition towards

a mobility system which is safe, clean and connected & automated. The package includes
legislative initiatives on trucks, a communication on connected and automatddyrﬁohhd an
initiative on battery development. Through these measures, the Commission is also shaping an
environment allowing EU companies to manufacture the best, cleanest and most competitive
transporirelated products.

2.2.6 Circular Economy Policy

In Decenber 2015, the European Commission published its EU Action Plan for the Circular
Economy?, which aims to stimulate Europe's transition towards a circular economy, boost global
competitiveness, foster sustainable economic growth and generate new jobs. dweme
foreseen cover the whole cycle: from production and consumption to waste management and the
market for secondary raw materials and a revised legislative proposal on waste.

The role of the circular economy to ensure the transition towards @ddya economy is
already recognised by stakeholders and liter&ture

As part of the measures announced in the Circular Economy Action Plan, the Commission has
launched in 2018 the EU Strategy for Plastics in a Circular Ecofipmiljich targets plastics
producton and incineration of plastics (that produces every year 400 million of tonnes)f CO

2.2.7 Common Agriculture Policy

The current Common Agricultural Policy (CAP) provides support to climate mitigation and
adaptation, and ensures sustainable managementuodinasources and climate action through

the following instruments: i) crossompliance mechanism, representing the compulsory basic

layer of environmental requirements and obligations to be met in order to receive full direct
payments under the first Pilar i) fAgreening" covering a wide
area across the EU is expected to improve the overall environmental performance of agricultural
production and iii) rural development under the second Pillar which plays an importain rol
achieving the environmental objectives of the CAP and combating climate change.

2.2.8 Cohesion Policy

Cohesion policy has traditionally been one of the key EU policies for supporénghbtStates
regions and cities in their development and transition. Over the years, it has, for instance,

" hitps://ec.europa.eu/transport/modes/road/news/P6I-europeon-the-move3_en

2 As announced in this Communication, the Recommendation on the use of pioneer spectrum for 5G large
scale testing, cybersecurity and on a data governance framework that enables data sharing, in line with the
initiatives of the 2018 Data Packdgeand withdata protectioff and privacy legislatiofd will come in the
beginning of 2019.

3 COM (2015) 614 final

" For exampleaccording to the International Resources Panel, by 2050, resource efficiency policies could
reduce global extractions by 28%. Combined withaanbitious climate action, such policies can reduce
greenhouse gases emissions by 63%, and increase economic growth by 1.5%.

Another study from Material Economics and Sitra, focused on sectors with high energy consumption and
high level of emissions, liketeel, plastics, aluminium or cement. It estimates that the circular economy
model could reduce European emissions by 56% (300 Mt) annually until 2050. Globally, emissions savings
could reach 3.6 billion of tonnes of CO2eq per year. Even more impotiargtudy shows that the future
demand of such materials will lead to emissions exceeding the carbon budget of these sectors, even if
implementing energy efficiency and lesarbon measures.

> COM(2018028 final
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invested in environmental infrastructure, especially in the less developed regions of Europe. For
the 20142020 period it has been aligned to the smart, sudilinand inclusive growth priorities

of the Europe 2020 Strategy and a number of legal requirements to mainstream climate and
sustainable development were introduced (such as earmarking of funds, fundioggitions,
partnership principle). All this tto considerable #focusing of the funding and ndanding

support (e.g. technical assistance, cooperation, capacity building) available. For example,
Cohesion policy will provide EUR 69 billion over 262020 for investments related to all five
dimensims of the Energy Union. Close to 50% of these allocatiomsabout EUR 32 billion

had already been committed to real projects on the ground by the end of 2017. Cohesion policy
also supports research and innovation in those areas where regions hagttivenaplvantages,

based on a bottomp identification by industry, researchers and civil society of smart
specialisation priorities. For the pe&d20 period the support for energy, climate and innovation

is proposed to continue with even more focus msssectoral solutions and on innovation to
support the transition of all EU regions.

2.2.9 Waste policy, Fgas regulations.

EU waste polic{f limits landfills while promoting recovery of landfill gas as well as recycling.
By 2020 most EU Member States are f@en to reduce landfilling of biodegradable waste by
65%. An improved waste management following the wadsigrarchyis expected to have a
significant mitigation potential considering biodegradable and-hiodegradable wastélhe
revised waste legislaticadopted in June 2018 reduces landfilling of municipal waste to 10% of
the total amount of this waste category in 2035his deadline may be postponed by up to 5
years®

In 2014, a new fgas Regulatiol was adopted to phaslwn the total amount of HFGBat can
be sold in the EU from 2015 to one fifth of today's sales by 2030. The regulation is expected to
result in the reduction of the EU's totabks emissions by two thirds compared to today's levels.

The Kigali Amendment, entering into force on 1uJary 2019, requires further step down from
the EUb6s 21% (of the baseline) in 2030 to 15%

2.2.10 MFF and climate mainstreamirig financing

The European policy making over a decade has been focused on sustainability and climate
change. As the emphasis dacarbonisation increased, more sophisticated measures have been
put in place to design and achieve targets. Giving clear policy signals, these targets and policy
measures have been crucial to guide investors, allowing world clean energy investments to
increase over timeg(obally USD 360.3 billion in 201%), new technologies to emerge and
technology costs to start decreasing in the energy sector. Although the bulk of the necessary
capital will have to be mobilised by the private sector, the remaining trfarkees and barriers
provide the rationale for public intervention at a European level and call for European public
finance.

7% Council Directive 1999/31/EC of 26 April 19%n the landfill of waste

" Directive (EU) 2018/850 of the European Parliament and of the Council of 30 May 2018 amending
Directive 1999/31/EC on the landfill of waste

8 Directive 2018/850 of 30 May 2018

¥ Regulation (EU) No 517/2014 of the European Ramént and of the Council of 16 April 2014 on
fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006

8 Bloomberg New Energy Finance( 2018), Runaway 53GW Solar Boom in China Pushed Global Clean
Energy Investment Ahead in 201fttps://about.bnef.com/blog/runawa@gwsolarboontin-china
pushedglobalcleanenergyinvestmertaheadin-2017/
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The European Fund for Strategic Investments (EFSI) is an example of such interventions.
Launched in 2015 in response to the erpit downturn, EFSI aimed to unlock additional
investment of at least EUR 315 billion over 3 years providing a total guarantee afbilRon
combined with EUR 5 billion contribution from the EfBr business and infrastructure projects.
Given its succss, EFSI was extended and now aims to mobilise EUR 500 billion of investment
in strategic infrastructure and companies, helping to address key market gaps and structural
weaknesses to build a more competitive, sustainable and prosperous EU economy.KEES ma
strong contribution to investments related to the Energy Union. Regular monitoring data indicates
that the energy ione of the largespolicy area of operations financed under the EFSI
representing 20% of total EFSI support

The InvestEU Programmes the Union's new investment instrumembposed for the next
programming periodbuilt on the success of and lessons learnt from EFSI. The size of the
proposed InvestEU guarantee is EUR 38 billion which is expectatbbilise EUR 650 billion

investmentslt is proposedhat 30% of this overall budget will contribute to climate objectives.

In particular, 50% of the investments undbe i Sust ai nab | ewindawfshoald t r uct ur
contribute to climate and environment objectives.

The longterm budget of th&uropean Union has an important role to play for decarbonisation by
supporting investments in and mobilising capital towards climate mitigation and adafitation
including for research and innovation, energy efficiency, renewable energy and network
infrastructure. In its 20142020 multiannual financial framework (MFF), the EU decided to
commit 20% (over EUR 206 billion) of the overall budget to climate change. This climate
mainstreaming target has been a useful in integrating climate considerations femssnt EU
spending programmes. Along witither EU policies, it has supported an increase in average
annual investment in the EU energy sector. Concerning the transport sector, the EU research
programmeHorizon 2028" will deploy over EUR 2 billion in the@eriod 20182020, focussing on

four key energy and climate priorities, including (urbamability®.

Reflecting the importance of tackling climate change in line with the Union's commitments to
implement the Paris Agreement and the United Naturstainable Development Goals (SDG),

the Commission has proposed to set a more ambitious goal for climate mainstreaming across all
EU programmes, with a target of 25% of EU expenditure, or EUR 320 billion, contributing to
climate objectives in the next MFE2021-2027). The Commission has proposed specific
expected contribution for all relevant programmes, including in research, cof&seosection

2.2.8, common agricultural policy, strategic infrastructure and external action. This commitment
reflects our ambition to make the EU a global leader in low carbon technology and to ensure that
we achieve our climate and energy targ8igpporting partnecountries in achieving the global
climate targets represents the external projection of this ambitious internalGgtalysing
strategic investments, such as those in the energy and mobility sectors is targeted through specific
actions, and also identfil as a policy goal in horizontal programmesy(Horizon Europ®,
Cohesion Policy, the InvestEU Programme). Budgetary support and technical assistance to areas
where large investment gaps exist (energy efficiency in buildings), which are niche arsas (cro
border renewable projects), or where the rapid technological and market development has not yet
been picked up (capacity building, policy implementation) will provide additional financial

8 The EU biggst research and innovation programme, with nearly EUR 80 billion overZZPmt
https://ec.europa.eu/programmes/horizon2020/en/

82CcoM(2017) 688 final

8 Horizon Europe is the next EU programme on research innovation that will succeed to Horizon 2020:
https://ec.eurpa.eu/info/designingextresearckandinnovationframeworkprogramme/whashapes
nextframeworkprogramme_en
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impetus to decarbonised investments, complementing the prognamkaive been and will be
crucial for constructing a secure, clean and integrated European energy sysikimg beyond

its borders, the EU External Investment Plan will aim to leverage private investment to scale up
climate finance and closing currenhdince needs gaps in sectors that are essential for partner

A

countri es 6 -<arbamdsvelopmentpatiso | ow
2.2.11 Aviation and Maritime sectors

2.2.11.1 International Aviation

To achieve the temperature goals of Beris Agreementall sectors of the economy shaul
contribute to achieving the necessary emission reductions, including international aviation.

In the EU several measures have been taken to address aviation emissiotr&ffié
managemen{ATM), research, development and innovation and sustainable alternative fuels,

have the potential to contribute to reducing aviation emis§ionsThe Eur opean Uni on
European Sky (SES) policy aims to transform ATM in Europe, tripling capacityinga®TM

costs with 10% less environmental impact. The Clean Sky EU Joint Technology Initiative (JTI)

aims to develop and mature breakthrough #Acl ean

Aviation hasbeen included in the EU ETS since 2012, and has so far contributed to realucing
estimated 100 million tonnes of G@missions between 2012 and 2Qk&Rier the EU ETS cap

At its inception in 2012, the inclusion of aviation in the EU ETS also incléladgds to and from

Europe Presently the EU has limited the scope of the EU ET#liglts within the EEA® to

support the development of a global measure, the Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIAf, under development in International Civil Aviation
Organization (ICAO).CORSIA aims tostabilise CO, emissions at 2020 levelby requiring

airlines to offset the growth of their emissions after 2020, by purchasirgationalcredits for
emissions reduction made elsewhere or by taking actions themselves to limit emissions. Its
rulebookfor offsettingis gill under development.

The next reviewegarding aviation in the EU ETi$as toconsider how tamend the EU ETS
legislation to take into account the development of CORSIA. the absence of a new
amendment, the EU ETd&rogations will end frora024.

Internationally, the International Civil Aviation Organisation@AO) has initiated work for the
mitigation of CO, emissions associated with aviation activities, notably with the two goals: 2%
annual fuel efficiency improvement through to 2050; and the statidn ofCO, emissions at

2020 levels through a markkased offsetting mechanism. To attain these goalsmsaet of
measuresvas agreed in ICAONext to CORSIA theseompriseaircraftrelated technology and
standards; improved operations and ATM; development and deployment of sustainable aviation
fueld’ % The CO, standards for new aircradidopted by ICAGN 2017will be implemented in

EU law in early 2019.

8 European Environment Agency (EEA), European Aviation Safety Agency (EASA), EUROCONTROL.
(2016). European Aviation Environmental Report

8 Regulaion (EU) 2017/2392 of the European Parliament and of the Council of 13 December 2017
amending Directive 2003/87/EC to continue current limitations of scope for aviation activities and to
prepare to implement a global marketsed measure from 2021

8 |CAO. (2016c). Resolution A33: Consolidated statement of continuing ICAO policies and practices
related to environmental protectiorGlobal Marketbased Measure (MBM) scheme.

87 ICAO. (2016a). Resolution A39: Consolidated statement of continuing ICAO peliciand practices
related to environmental protectiorGeneral provisions, noise and local air quality.
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In addition, it slould be pointed out that the international aviation industry, which had originally
proposed the "2020 carbon neutral growth" objective, also agreed on an aspirational goal to
reduce net emissions from aviation by 50% by 2050 compared to 2005%evels

2.2.11.2 International Maritime Shipping

Following up on the 2011 EU White paper on transport, the Commission adopted in 2013 a
strategy on the decarbonisation of shipping, calling for a gradual approach in the EU, starting
with an EU monitoring, reporting and verifiten (MRV) scheme. As a result, the European
Parliament and the Council adopted in April 2015 the Regulation (EU) 2015/757 on the
monitoring, reporting and verification of carbon dioxide emissions from maritime transport. This
EU MRV scheme will start praging information on ships' efficiency to relevant markets as from
June 2019.

Meanwhile, the International Maritime Organization (IMO) started working on the reduction of
GHG emissions in 1997, but the first measure was only adopted in 2011 with agreenaent
mandatory minimum efficiency standard for new ships (Energy Efficiency Design Index, EEDI)
and the obligation for ships to carry energy efficiency management plans on board. In 2016,
following the entry into force of the Paris Agreement and the #mloptf an EU Monitoring,
Reporting and Verification Regulation, it adopted an amendment to the MARPOL Con¥ention
and specific guidelines for a Data Collection System (IMO DCS) to report fuel consumption of
ships to flag States as from 2019. Finally, aftep years of negotiation, IMO adopted in April
2018, an initial strategy on the reduction of GHG emissions from ships with the objective to
reduce emissions by 50% by 2050 compared to 2008 while pursuing efforts to achieve full
decarbonisation as soong@sssible in this century.

2.2.12 The need for new vision

Drawing all of the different policy threads together through the Energy Union, the Paris
Agreementas well asthe economic technologiGatocietalchanges and advances that have
occurred over the last damrequire an updated analysis to elaborate a decarbonisation strategy
fully integrated within the Commissionbts pol it
integration of the internal market, a faiemd more sustainabkconomy and making theU a
stronger global actor. The technological developments have been particularly prominent,
reshaping energy supply as well as affecting consumer behaviourgrblaéng consumer
awareness and resulting changecansumption patterns will influence howetmmarkets will
develop in the future takinglsointo account the growing role of consumarsd new business
modelsspurred through the digitalisation of the economy. The demand side sectors will be
shaped by more optimal consumers' and businesses' clezidesy to the smarter use of energy,
sustained by widespread automation and digitalisation, accurate and useful consumer
information, ambitious standards and targeted policies addressing the remaining market and
regulatory barriers and behavioural biases

On the energy supply side, contrasted technological developments over the last decade, with, in
particular, lower than expected costs ¢ertainrenewable energy sources on the one hand and
higher than expected challenges for CCS on the other harel chamged the perspective when
looking at a future decarbonised energy system for the EU. In addition, rapid development of

8 |CAO. (2016b). Resolution A39: Consolidated statement of continuing ICAO policies and practices
related to environmental protectiorClimate change

8 Air Transport Action Group (ATAG)https://www.atag.org/ouactivities/climatechange.html

% International Convention for the Prevention of Pollution from Ships
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technologies has made some actors willing to look at future alternativealdnon energy
carriers:hydrogen and-éuels (synthetiduels produced from decarbonised electricity).

Energy storage emerges as a key enabling technology for addressing the flexibility requirements
for integrating variable renewable electricity into the grid and for providing green electricity for
electrified transport, industry and buildings sectors (and thus providing further rationale and
helping the sectoral integration). Large amounts of variable RES can actually be stored in the
form of hydrogen and-fuels capable of providing significant flexibilitytthe electricity system

and decarbonising other sectors. The expectations of new technologies in delivering on the Paris
Agreement goals is well illustrated by the fact that the Agreement itself was flanked by the
launch of Mission Innovatioh complemering the Clean Energy Ministerial (CER) created

during COP15 in Copenhagen (2009), two global igtrernmental initiatives aiming at
accelerating clean energy innovation and making clean energy widely affordable.

It has to be also noted that deploymefitsome technologies (e.g. for electric vehicles) raise
some concerns in terms of future supply of raw materials. These issues make the implementation
of circular economy approaches even more desiradt only to reduce direct emissidhsut

also to avoigossible future obstacles of this nature indbployment of new technologies.

Recent years have also seen significant changes on other fronts than energy technologies that also
have or will have impacts on decarbonisation pathways. Notably in the fieldobility
connected and automated driving is shifting the paradigm towards 'mobility as a service',
‘accessibility' and 'connectivity', which will have potentially big impacts on safety, efficiency and
emissions. Considering behavioural change is nowilgessither, partly because technology
progress made certain solutions easily available to consumers (e.g. own energy production from
renewablesbetter control ofndoor temperature or more effective travel planning mindful of the
carbon footprint). Consner awareness has also grown that certain choices can lessen the carbon
footprint and yield siddenefits, notably on health improvement. Limiting food waste, engaging

on active mobility or healthier diets are now mainstream consumer considerationspa Endo

other options could follow this suit, including limitirfgst growth inlong distance travednd

shifting to more sustainable transport modes like aailimiting the purchase of new consumer
goods. These aspects are discussed more in detaikctiors®.5. Importantly, the growing
consumer awareness and role of consumer choice will have impact on the delivery of the new
vision - with increaed role of the citizens, organised civil society, local and regional authorities

in the governance

2.3 Policy initiatives at national level

2.3.1 Theimplementation of thEU acquis

The swift and complete national transposition and implementation of the EU dmquise
Member States, complemented with appropriate national actions, is a primary precondition for
the delivery of the decarbonised, more competitive and dynamic economy that Europeans seek
The following illustrates the different areas of the EU acquikie areas of climate and energy,

and complements this with examples of national measures.

Security of energy suppBlso has a significant EU acquis that builds on national measures in the
electricity, oil, gas and transport sectors. This includes thetacks directive, infrastructure

1 Mission Innovatn (2018) http://missiorinnovation.net/
92 Clean Energy Ministerial (2018)ftp://www.cleanenergyministerial.org/
% Recycling is generally less enerigyensive than extraction.
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planning or generation adequacy coordination, all areas where regional cooperation and trust

would strengthen the situation of the EU and its members. This is currently being fostered
throughsec al | ed @ pr eV emtsiov ea nadc thieomer gency pl anso t ha
Commi ssion by 1 March 2019 and updated regul ar |l
containing technical, legal and economic details and the preparatiatiarial risk preparedness

plans.

In the area of energy production and transmission infrastrydilember States formulate and
coordinate among each other national infrastructure development plans to manage the adequacy
of their energy production, including their maintenance angihnsitns. Such plans are developed

and implemented in conjunction with TERpolicy, including the identification and €mancing

of projects of common interest (PCI). Some 77 PCls will have been finalised by 2020 and
received EUR 2 billion from the EU. €hEU has also developed the most advanced legal
framework for nuclear energy, ensuring that those Member States who chose nuclear are
complying with the highest safety and security standards.

Regarding energy efficiencythe Energy Efficiency Directive (EB requires that energy
efficiency policy measures are taken at national level and reported in the National Energy
Efficiency Action Plans (NEEAPSs). These should target each sector of the economy (residential,
services, industry, transport and energy sypplhe types of measures include regulations,
standards, funds, financial & fiscal measures (including taxation and incentives and other market
based instruments) and awareness raising, knowledge & advice as well as education, qualification
and training.

The residential and service sectors benefit from a wide range of national policy measures to
support energy efficiency improvements. In addition to the regulatory measures directly in
relation to the Energy Performance of Buildings Directive and speaifiedEsign Regulations,
measureshave been enacted to address split incentives or strengthening energy efficiency
requirements for buildings. Typical instruments used for this include grantsntergst loans

and fiscal incentives or more innovative prgmes such as energy performance contracts,
guarantee facilities, possibly combined with grants and technical assistaduid, renovery,
Property Assessed Clean Energy (PACE) type financing (proposingdsiviongterm funding
toberepaidasanaddibnal payment on a propertyos regul ar
awarenessaising measures have also been implemented with the focus on residential and service
sectors. In addition, various Member States have mentioned in their NEEgdtngnorplanned

efforts related to alleviation of energy poverty.

National measures to achieve the energy savings obligation of 1.5% each year by 2020 (from
annual energy sales to customers) will be key for the 2020 energy efficiency target. Energy
efficiency obigation schemes (putting an obligation on energy distribution operators or energy
retail companies) are a key instrument since they trigger private investments in residential or
services sectors through for example installation of more efficient heatoaplimg systems and
insulation of walls or roofs. The obligation schemes will remain an important market based
policy instrument in view of achieving the new savings obligation for the period 203",

Regarding decarbonisatiothe EU Emissions Tradin System (EU ETS) and the EEffort
SharingRegulation(EU ESR)covering non ETS sectors form the core regulatory framework set
in place to reach the consecutive emissioaduction targets. This is complemented with
legislationensuring that emissions anemovalsfrom Land Use, Land Use Change and Forestry
(LULUCF) are at least neutraind sectoral regulations that set LCénission standards for

% For the period post 2020 annual energy savings obligation of 0.8% of final energy consumption are to be
pursued see the secti@r2.3
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passenger cars and vans, regulate emissions-gdsés, and increase the deployment of
renewable energy.

Regading renewables in particular, Member States are implementing their national renewable
energy action plans (NREAP) and are nearly all on track to deliver their 2020 national binding
targets. By implementing these renewable energy plans Member States esdisséons,
increase the indigenous energy supply, create new jobs, and drive innovation and technological
and industri al devel opment . At the same ti me,
transition infrastructure is put in place and thagrgy systems arintegrated on a larger scale
throughout Europe, which in turn requires more coordination and synchronisation across Member
States to ensure the internal market functions properly and energy resources flow efficiently
between Member Statesligh shares of renewables requires additional actions in terms of
sectoral integration of energy supply and demand, with contrilsufiiom the transport sector,
heating and cooling or industrial processes. Such integration will take place through the
dewelopment of decarbonised energy vectors, including electricity but also newer vectors like for
instance hydrogen. A strong reflection of the interest of the Member States in this area is the
Hydrogen Initiative launched by the Austrian presidency and gignkinz in September 2018

Regarding research & innovatiomhilst in the EU private investments constitute around 80% of

R&l spending, national and EU R&l programmes complement and add steer, also fostering
efficiency and cooperation among stakeholdsh&en embarking on the large projects for the
development and demonstration of new technologies, materials and processes needed for the
energy transition.

Better governance and policy planningtegratedNational Energy and Climate Plans will
streamline many of the previously existing plannireporting and monitoringequirementswill

promote coherent progress towards HéVel targets and policies. Thidational Plans will
address, in a transparent manner, national targets, objectigtesoatributions across all five
Energy Union dimensionfom 2020 onwardsNational Energy andClimate Plans will also
include policies and measures underpinning the delivery of those targets, thereby allowing for a
close political monitoring of progres®wards targets and of interactions between different
policies. A solid analytical framework should explore and illustrate the impacts of proposed
targets policies and measures. The Plans will also promote a broader engagement of EU general
public and stakeolders on Member States long term energy and climate priorities and enhance
coordination between Member States in their policy planning efforts.

2.3.2 Additional national policies

Some policies araot explicitly required under the EU acquis and while wegradd with the EU
climate and energy policies, theye largely dependent on natior@nsiderationsThe most
notable examples are the coal phase nuclear power deployment/phasg and carbon taas

well as urban plannindn the transport sector, agalth of measures has been adopted at national
level to incentivisemodal shift andhe uptake of alternative fuels, including eleatmobility:
purchase subsidies, registration tax benefits, ownership tax benefits, company tax benefits, VAT
benefits,local incentives and infrastructure incentivééso forest and land policies which are
important components of decarbonisation strategies are mostlgritbbtStatecompetences.

Coal phaseut

% Nonrbinding, this initiative still shows a strong support to hydrogen as an enabler of the energy
transition: storage, sector coupling, injection in gas network, use by the industry or for the production
of synthetic fuels:
https://www.hydrogeneurope.eu/sites/default/files/2098The%20Hydrogen%20Initiative.pdf

40


https://www.hydrogeneurope.eu/sites/default/files/2018-09/The%20Hydrogen%20Initiative.pdf

Ten EU Member States have announced coal phatsandEuropea utilities represented in
EURELECTRIChave recently announceHeir intentionnot to invest in new coal plants after
2020°. While decarbonisation is a very important consideration for them, there are also other
drivers. In the EU, coal consumption haddialby 34% since 1995 and production by 53%us

the EU coal import dependency has increased (to 40%) even though its share in total EU energy
mix has decreased t&%. Russia still provides 30% of EU hard coal imports, including 100% of
imports by Estord and Lithuania, 97% by Greece, 94% by Latvia, and smaller share for Poland.
Thus there are not only climate reasons but also security of supply reasons to reduce EU coal
consumptionThe recent national announcements of coal power plants-pbase expeted to

lead to further reduction of coal demand, with repercussions for gas, renewables and nuclear, and
to contribute to the reduction of overcapacity in the power generation system. Mitigating social
repercussions, especially when related to natioreiraming activities, will be facilitated by the

"Coal Regions in Transition" platforfh a policy instrument that wikupport development dfie
accompanying strategies required for the transition.

Nuclear power

The EU Treaty allows each Member State é¢gide on its energy mix including on the role of

nuclear which represented 26% of EU power production in *30IBe countries which plan to

keep or develop nuclear energy as one of their energy sources share the view that it can
contribute to energy sexty, competitiveness and cleaner electricity. Both the Energy Union
Strategy® and the European Energy Security Strat€gtressed that Member States that decide

to use nuclear energy need to apply the highest standards of safety, security, waste managemen
and nonproliferation as well as diversify nuclear fuel supplies.

At the end of 2017, 126 nuclear power reactors were in operation in fourteen Membéf’States
19 New build projects are envisaged in ten Member States, with four reactors already under
constuction in Finland, France and Slovakia. Other projects in Finland, Hungary and the United
Kingdom, are under licensing process, while projects in other Member States (Bulgaria, the
Czech Republic, Lithuania, Poland and Romania) are at different stageepairation. The
United Kingdom has announced its intention to close all-ical power plants by 2025 and to

fill the capacity gap mainly with new gasiomassand nuclear power plants. On the other hand,
some national energy policies have fixed a igilfor the share of nuclear in their respective
range of energy generation sources (e.g. Framthgrs (e.g. Germany and Belgium) have
decided to gradually phaseit from nucleawhile other Member States have never used nuclear
energy

% EURELECTRIC (2017), European Electricity Sector gears uphi® Energy Transition,
https://cdn.eurelectric.org/media/2128/eurelectric_statement_on_the energy trangifdi030-
025001-e-h-E321F960.pdf

" European Commission (2017)
https://ec.europa.eu/energy/en/events/conferenakregionstransitionplatform

% Lisbon TreatyAtrticle 194, paragraph 2
https://eurlex.europa.eu/legatontent/EN/TXT/HTML/?uri=CELEX:12012E194&from=EN

% European Commission (2018), Statistical Pocketbook 2018
https://ec.europa.eu/energy/en/datalysis/energgtatisticalpocketbook

10 com(2015) 80

11 com(2014) 330

1921 AEA (2018), Nuclear Power Reactors in the World, Edition 2018
https://wwwpub.iaea.org/books/IAEABooks/13379/Nucld2owerReactorsn-the-World

193 These Member States are Belgium, Bulgaria, the Czech Republic, Finland, France, Germany, Hungary,
the Netherlands, Romania, Slovakia, Slovenia, Spain, Sweden and the United Kingdom.
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The importance dibngterm operations is expected to increase in the coming years, and by 2030
the majority of the fleet would be operating beyond its original design life.-temng operations

are expected to represent the majority of nuclear investments in the shoediom term.
Regulatory approval has been already granted for operational lifetime extension of certain
nuclear power reactors sfomeMember Statege.g. Hungary and the Czech Republic). Decisions
on operating lifetimes depend on current and forecasttrieigc market conditions and
sometimes also on social and political factors. Such decisions are subjecsttict s2and
comprehensivesafety review by the competemdependennational regulatgrand as a basic
requirement the highest safety standardeha be implementéed.

Carbon taation

Some Member States have adopted systems that levy taxes relatedetmi€sons. There is lot

of heterogeneity in term of scope and implementation of these policies across the Member States.
Most commonly, these tagetarget the transport sector either by applying registration or
circulation taxes based on vehicle emissions or transport fuel taxes based on the carbon content
or the efficiency of the fuel. Several Member States have broadened the scope of fuel carbon
taxes to other sectors than transport.

2.4 Regional cooperation

In many policy fields, egional cooperation fostersynergies and complementarities across
Member States as well as with neighbouring countiies very important in the context of
energyand climate policies, consideringfor example,the need to pultommonresourcedor
financing research and innovatidayilding infrastructure, development of large projects such as
renewable energy in the North or Baltic Swafacilitating the access tonfincing for capital
intensive projects. It is thus highly relevant for the Energy Union, and will certainly help the
clean energy transitioim the medium and long terriVhether the EU applies a single European
scheme (e.g. the EU ETS), adopts legislatiorfosters and coordinates cooperation amongst
energy regulators, including for instance on agreeing on the necessary rules for electricity trading
and grid operation in the respective regional groups defined under the EU Network Codes and
Guidelines, thelesson is that coordination, cooperation and integration brings clear mutual
benefits in this policy field.

Against this backgroundhe Governancef the Energy Union Regulatiorequires Member
States to engage negional coordinatiotvoth in the prepation and the implementation tifeir
National Energy andClimate Plans Regional coordinatioralso required in the contexf
infrastructure planning and th@nt development of projects of common interest.

A number of regional cooperation fodedicate to energy issues are already-getandwill

undoubtedly play a role in thelean energytransition process Such fora include the Baltic

Energy Market Interconnection Plan (BEMIP), the Central and Seastern Europe

Connectivity (CESEC), the Centrdfest Regional Energy Market (CWREM), the North Seas
Countries6é6 Offshore Grid Initiative (NSCOGI), t
for SouthWest Europe and the EuMediterranean Partnership.

Further, the contribution of transnational iaitves like Macro Regional Strategies should be
fully exploited notably to build the political momentum necessary for scalngThere are
currently four EU MacreRegional Strategies concerning 19 EU Member States and 8 non EU
countries which cover the lfowing macreregions: the Baltic Sea Region, the Danube Region,

104CcoM(2017)237 final
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the Adriatic and lonian Region, and the Alpine Region. They have shown the importance of
strengthening cooperating amorigember Statesfor maximising synergies by acting at
transnational leMepooling resources together and should lead to efficiency gains.

Cooperation with nofieU partners is also taking place, including with the Energy Community
contracting parti¢§’, members of the European Free Trade Associdtiand, when appropriate,
with other third countries.

2.5 Action agenda by regions, industry and civil society

One of the key achievements of thé“ZBonference of Parties presided by Fiji Islamds the
concept of "Grand Coalition of all Stakeholders" that goes beyond the COP 2QiPai€all

for global climate action stakeholders to record their voluntary d€fiohhe Grand Coalition
includes states, local governments, business-f@ifled organisations and citizens to join forces
in fighting climate change. A preleased chaptesf the UNEP Emissions Gap report 268
shows that additional emissions reduction made so far bystabe actors are still quite limited:

in the order of 0.8.7 GtCQ per year by 2030 compared to full NDC implementation. The low
level of available data andck of consistent reporting limit a more comprehensive overview.
However, global climate action, if realised to its full potential, could deliver additional ensission
reduction to current policies in the range of-2lb GtCQ annually in 2030, which is a
considerable contribution to closing the gap. EU stakeholders have been at the forefront of these
developmenté®.

2.5.1 Regional actors

Regional governments and cities, with their impact on economic, spatial, environmental planning
and energy provision challengeme increasingly drivers of the energy transition and becoming
resilient. The Covenant of Mayors fGlimate andEnergy initiativé'®, where local governments
voluntarily commit to implementing climate and energy objectives, has already 7,383 EU
signatoris (as of 1 October 2018), representing in total 198 million citizens of the EU. A recent
analysis of the local climate plans of 885 representative EU cities concluded that close to 66% of
them have a climate mitigation plan and 26% have adopted adaptatist’. The EU initiative

is mirrored on the global level by the Global Covenant of Mayors for Climate and Efergy

Furthermore, the Urban Agenda for the'EUwhere cities, Member States, the Commission as
well as other EU institutions and actors collaberaithin the intergovernmental framework,

1% Includes (as of September 2018): Albania, Bosnia andegderina, FYR of Macedonia, Georgia,
Kosovo, Moldova, Serbia and Ukrairtgtps://www.energgcommunity.org/

1% ncludes: Iceland, Liechtenstein, Norway, and Switzerlatig;//www.efta.int/

197 UNFCCC (2017), UN Climate Change Conference 2017 Aims for Further, Faster Ambition Together,
https://unfccc.int/newsn-climate-changeconference201 Faimsfor-furtherfasterambitiontogether

18N Environment (2018), Bridging the emissions gafhe role of norstate and subnational actors
https://wedocs.unep.org/bitstream/handle/20.500.11822/26093/NonState  EmiSaippslf?sequence
=1&isAllowed=y&stream=top

199 UNFCCC (2017), Yearbook of Global Climate Action 2017,
http://unfccc.int/tools/GCA_Yearbook/GCA_Yearbook2017.pdf

M0 hitps://www.covenantofmayors.eu

11D, Reckien et al., How are cities planning to respond to climate change? Assessment of local climate
plans from 885 cities in the EPB, Journal of Cleaner Production, 26 March 2018,
https://www.sciencedirect.com/science/article/pii/S0959652618308977?via%3Dihub

12 hitps://www.globalcovenantofmayorsgof

M3 hitps://ec.europa.eu/futurium/en/urbagenda
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reinforces the urban dimension of relevant EU policies. The Agenda is being implemented
through Partnerships aimed at achieving better regulation, better funding and better knowledge
for cities in Europe. Througthe agreed joint actions, the Partnership on Climate Adaptation
aims to enhance the capacities of European cities in addressing and adapting to the impacts of
climate change, and the Partnership on Energy Transition will contribute to the development of
smarter and more integrated energy systems in European cities that are secure, resilient,
affordable, clean and sustainable. Several other Partnerships, such as Urban Mobility and Air
Quality, contribute to tackling the climate and energy challenge as well.

For regional governments, initiatives such as the Under 2 Codlftiare important as they
actively reach out to their global members to draft 2050 pathways to set a dedicated goal of
reaching less than 2 tG€&y/capita by 2050, equivalent to 80% below 19@Qels.
200jurisdictions globally have already committed to this ldegn goal. Against this
background, th&eU Governance Regulation facilitates the involvement of regional and local
actors in the definition of national energy and climate priorities.

2.5.2 Sectoral actors

Industries in Europe and their sectoral representatives have recognised the nedessaynofg
more sustainable andubstantidy reducing GHG emissions by 2050. Private actors, large
companies and sector associations are increasingbytirggpon how to significantly reduce EU
greenhouse gas emissions in the coming decades (see €c8tighrecord of just over US$74
billion of Green Bonds were issued in the first half of 2888 here are many existing case
studiesof companies voluntarily implementing emissi@duction measuredor instance in
order to achieve Heineken's sustainability target along its supply chain, Austiaeryp Goss

has shifted entirely to using renewable and reusable energy sources, getting rid of its CO
emissions™®. Eni has created the world's first green refirtéfyn 2013 DHL came forward with
Street Scooter, its own electric delivery V&nand Siemes aims to achieve a worldwide net
zero carbon footprint by 203¢° Industry responses to the public consultation (see seftipn
show a considerablevolution of their position in the last decaBer instance, 43% of private
business supported achieving a balance between emissions EUth®y 2050 and 37% a
reduction of 8605%. Equally, there is a wealth of scenario studies done by different igdust
sectors on a variety of pathways contrast to the preparations for the roadmap in 2011,
stakeholdergend tostart from an 80% reduction target. More dominance is given to solutions
involving electrification, hydrogen, but also circular economy #edtyle changes.

2.5.3 Citizens and civil society

Citizens have started to act both individually and collectively much more decisively on climate
changewhich reflects the fact that climate change has become a concern for the overwhelming

14 hitps://www.under2coalition.org/

MSUN Environment (2018).

118 Heineken (2018), Carbemeutra brewing dream a reality for Goss
https://www.theheinekencompany.com/sustainability/edgdies/carbomeutratbrewingdreama-
reality-for-goss

17ENI (2018), From oil to biomass,
https://www.eincom/en_IT/innovation/technologicalatforms/bicrefinery.page

H8DHL (2018), StreetScooter opens second manufacturing facility in Diren
http://www.dhl.com/en/press/releases/releases 2017/all/streetscooter_opens_second_manufacturing_fa
cility_in_dueren.html

19 Sjemens (2018), Siemens is going carbon neutral
https://www.siemens.com/global/en/home/company/sustainability/decarbonization/carbonneutral.html
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majority of themii seefor example recent Eurobarometer restfit§ighting climate change as a

part of safeguarding natural resources for future generadimhas an essential element of their
guality of life has for a long time been a concern for large part of Europeanysotigs has
recently been magnified as awareness of scientific findinge gwwn and consumersave
become more conscious about the carbon footprint of their actions. It is now clear that consumer
choice can have an impact ciegtnew markets as well ggessure on industry to adapt their
offers allowing for more sustainable products coming to market. Already 1.5 million households
in Germany produce their own energy for selhsumption through solar parnéfs Consumer
expectation€? and the prospect of a substantial market prompt companies from all sectors to
introduce renewable energy guarantees, carbon offset programs or low carbon products (in terms
of their production chain).

Multiple examples can also be found in the field of urban mobildgrtainly also because in this
case decarbonisation has very quickly visiblebeaefits such as better air quality, less noise or

in sum more "liveable" cities. This is why citizens taations themselves and support initiatives

at the local level. For instance, the city of Milan has adopted its Sustainable Urban Mobility Plan
in April 2018 with measures such as traffic reduction and shared mobility as core elements. A
new s harleodatfifnrgede sfy st em, operated by cand s, bi ke
supports both individual mobility and local public transport. As a consequence, the number of
alternatives to private cars has risen: nearly 3,000 shared cars (27% fullgeteadrimore than
600,000 subscribers, 4,650 bikes, 12,000-fiesting shared bikes and 100 fully electric shared
scooter§®. Measures such as reduced traffic operation in city ceotres/en overall traffic
reduction, banning polluting vehicles from assiag the city centresbike rental services
together with development of secure biking pathd shared mobility/"mobility as a service" are
now core elements of the strategy applied by many cities in Europe.

It is clear that the clean energy transiteomd the achievement of net zero GHG emissions in the
European economy can o0 n-ihyConsumerl®ice williintréasingly t i zens
become complementary to technological change and oftenra@pdition for technology change

to happen. Further avk will be necessary tincrease the transparency about products and

service$ carbon footprint and thus capitalise on current consumer awarédrgsgiised civil

society will play a key role ithe further development of consumer awarenesspradidingthe

motivation for lifestyle change.

1202017 Eurobarometer survey, see https://ec.europa.eu/clima/citizens/support_en

121 Eyrobserver (2018), Photovokdbarometer 2018,
https://www.eurobserer.org/pdf/photovoltaidarometei2018en/

122 hitps://ec.europa.eu/climalcitizens/support_en

WELTI'S (2018), Shared mobility enabling MaaS in Mil a
http://www.eltis.org/discover/casstudiestharedmobility-enablingmaasmilanssump
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3 |IMPACT OF CURRENT POL ICIES BEYOND 2030

3.1 Policies and assumptions

The EU and its Member States have put in place a set of policies that will already strongly impact
the EU's transformation up to 2030 and will continaedd so afterwards with the ambitious
energy and climate targets as recently agreed (see s@c®oim his section assesses what the
impact of thoe policies will be up to and beyond 2030.

For the purpose of this assessment, a baseline
developed to reflect the current EU decarbonisation trajectory based largely on agreed EU
policies, or policies thatave been proposed by the Commission but are still under discussion in

the European Parliament and Council.

It |l argely builds on the Reference®sutasoari o 20
presents an update on a number of key elements deiraifnnex7.2.2 The Baseline keeps the
macraeconomic projections, fossil fuels price developments and2@t& Member States

policies as implemdad in REF2016. On the other hand, it incorporates an update of technology
assumptions as conducted under the ASSET pttject well asseveral major recently agreed

pieces of legislation as well as recent Commission proposaiew element is also thatbe

Baseline, includes projections all the way to 2070, as a way to start reflecting on potential
pathways in the second half of the centudost importantly, the Baseline also projects the
achievement of energy and climate 2030 tafdewms agreed by June 2018 as well as a
continuation of policies impacting ngdO, emissions.

The aim of the Baseline is to illustrate the impact that current climate and energy policies and
goals would have on loAgrm energy and GHG evolution. It therebyfers a basis for
comparing different longerm pathways consistent with targets limiting global warming to well
below 2°C or 1.5°C. The Baseline has been specifically built for the purpose of the development
of the longterm strategy. It does not reftegpecific Member State policieglopted as of 2,

and it was not possible to consult with Member States to verify that current or updated policies as
being developed under the national energy and climate plans are adequately represented.

124 The "EU Reference Scenario 2016Energy, transport and GHG emissionsTrends to 2050"
publication report describes in detail the analytical approach followed, the assumptions taken and the
detailed results,

https://ec.europa.eu/energyi/sites/ener/files/documents/ref2016_repornivdingldf

Modelling scenarios for development of the energy system is highlyndepeon the assumptions on

the development of technologiedoth in terms of performance and costs. While these assumptions
have been traditionally developed by the modelling consultants, based on a broad and rigorous
literature review, the Commission imcreasingly seeking a review of these technologies by
stakeholders to make them even more robust and representative of the current projects as well as
expertsd6 and stakehol dersé expectations. Thi s i s
Commissionin early 2018 to ensure robustness and representativeness of the technology assumptions
in model PRIMES by reaching out to relevant experts, industry representatives and stakeholders, who
are in possession of the most recent data in the different sélherproject run was concluded in July

2018 and its final report (including the finalised technology assumptions) is available here:
https://ec.aropa.eu/energy/en/studies/revigaechnologyassumptionslecarbonisatioscenarios

The 2030 targets are: at least 40% GHG emissions reduction compared to 1990; with 43% GHG
emissions reduction in ETS sector compared to 2005 and 30% GHG emissionsoreduétifort

sharing sector compared to 2005; at least 32% renewable energy share in final energy consumption and
at least 32.5% reduction in both primary and final energy consumption compared to (2030 projections
established in) 2007 Baselinesee more etails on EU policies in secti¢h2
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3.2 Energy supply and demand

3.2.1 Energy supply

The EU energy supply projections evolve both in terms of its overall level and the energy mix.
Comparing primary energy consumption (PEC) projections to its historical 2005 levels, the
Baseline achieves 26% reduction in 2@B&fleding achievement of 2030 targeBb% reduction

in 2050 andthere are no further reductions by 2070 as continuous effect of energy efficiency
policies is counterbalanced by effects of economic growth on energy consumption.

Thefirst component of EU energupply- energy production is projected to decrease by 28% in
2050 (compared to 2005). The fossil fuels production falls by 88% and reneemdigy
production(chiefly from wind, solar, biomass and wastedre than doubles in the same time
driven by tle 2030renewable energtarget and competitive renewable technologies costs. The
nuclear energy production, although slightly decreasing, would still keep an above 10% share of
the energy mix.

The second component of the EU energy supphet fuel impors will decrease by some 33%:
from some 980 Mtoe in 2005 to 670 Mtoe in 20@D This decline in the Baseline happens
chiefly because of reductions in fossil fuels and a smaller extentand post2030 only,
renewable energy (biomass) imports. While epe&ificiency measures mostly target natural gas
consumption, it is the competitiveness of wind and solar technology that chiefly drives their
higher penetration and thus reductions in the demand for biomass (including from inf#S).
result, the EU'sdssil fuel import dependency moderately decreases (from 52% in 2005 to 50% in
2050).

Figure 7: Primary energy production in the Baseline
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Looking already on the transformation sectwrerall electricity generation is growing strongly
throughout the projection period. Electrification of demand is led by electrification of heating and
cooling (notably with heat pumps) and a continuous increase of IT, leisure and communication
appliancesn the residential and tertiary sectors. The transport sector is also projected to drive
upwards demand in electricity with the further electrification of the rail and the gradual
penetration of electric vehicl&4

127 The advent of connected and automated mobility will also lead to increased deployment for IT and thus
greater demand of electricity but this will rather be reflected in the services sector.
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The EU power generation mix changmmsiderably in favour of renewables with the increase in
wind being the most spectacular. By 2050, 73% of the electricity is generated from renewable
resources, while nuclear and natural gas maintain their role in the power generation mix. By
contrast, actricity produced from oil and solids becomes marginal Fggpare8).

Figure 8: Gross electricity generation in the Baseline
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Source:Eurostat (2010, 2015pRIMES.

3.2.2 Energy demand

The final energy consumption (FEC) in the Baseline decreases by 26% between 2005 and 2050
due to moderation of final energy demand. This moderation of demand is most significant in the
residential seior (38% reduction in 2050 compared to 2008)industrial sectqQr23% reduction

in 2050 compared to 2005 achieved but savingdateaupost2030.In transport24% reduction

is achievedout, conversely to industry, there is an acceleration in savings post 2030. Finally, in
tertiary sector (combining services and agriculture) the reduction in 2050 is the smallest (10%).

The changes in energy mix, driven by less demand for fossil fmlasted with an increasing
use of electricity Figure9) also help to reduce overall levels of demand. These trends reflect the
significant role of eergy efficiency with ambitious 2030 targets and the implementation of
dedicated EU legislation, notably the energy Efficiency Directive (EED), the Energy
Performance of Buildings Directive (EPBD), the Ecodesignearetgylabelling legislationCO,
emissons standards for light duty vehiclaad for heavy goods vehicles and other initiatives
adopted recently that increase the efficiency of the transport system
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Figure 9: Final Energy demand by sector
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Figure 10: Final Energy demand by fuelenergy carrier
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3.3 CO, emissions

The CQ emissions are projected to decrease steadily towards 2050, mainly supported by very
substantial reduction in the power sector and more generally in sectors covered by the EU
Emissions Trading System, for which the Baseline assumes auatigimof the reduction of the

ETS cap with 2.2% per year, as implied by the current legisldBip2050 the emissiongduce

to just above 600 MtCQ, (Figurell), this is a 6% reduction compare to 1990 level.

Overall, the main drivers for the decarbonisation are the increasing energy efficient in all sectors,
in particular in industry, as well asetipenetration of renewable energies.

Notwithstanding the transport sector becoming the largest source 0fr@® 2020 onwards,
fuel efficiency gains driven by standards and transport policies significantly reduc&%®y 3
transport emissions between 2G0% 2050.
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Figure 11: Carbon dioxide emissions by sector
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Non-CGO, emissions are projected to reduce by 50% in 2050 compared to 1990. Since most of the

legislation related to ne@0O, emissions targets the p2O30 period, the level of emissions

flattens after 2030 and even increase slightly beyond Z€§Qrg12).

Figure 12: Baseline projections of norRCO, emissions by sector and by gas (MtC£q)
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The reduction by 2050 will be the strongest for methanesplate terms compared to 2005 (215
MtCO.eq) and significant in percentage of 2005 levels (40%ja$ emissions will reduce
substantially until 2030 (50%) thanks to strict rules on Air Conditioning and refriger&iipur¢
12).

From a sectoral perspective, most sectors of the ecqnaithynotable exception of agriculture,

that are emitting no€O, gases today are expected to significantly reduedr ttmissions
especiallyby 200. With demand for natural gas decreasing as well as coal mining activities
reducing, energy related n@0, emissions continue to decrea&eFull implementation of EU

waste legislation would see emissions for waste continueedtae. Similarly F-gas emissions

are declining mainly as result of the newg&s regulation, even though it could be
counterbalanced after 2030 by the further in@eiascooling needsin the agriculture sector
emissions are projected to remain stable in the absence of further mitigation incentives or
changes in amount and type of agriculture goods produced.

3.5 Land use and forestry

The land use and forestry sector keds role of net carbon sink in the Baselifég(re 13).
Howevet the sink is projected to decrease from about 300 MiGQ015 to 260 MtC®in 205
due to the ageing of the forest and an increasing mobilisatidare$t biomass mainly for
material use (industrial roundwood, sawnwood, wood panels, paper, papefioard)

Figure 13 Evolution of the emissions and removals fromand use, land use change and
forestry
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128 Going beyond this effect, specific emissions mitigation measwik also be needed to further reduce
methane leakages in a decarbonised energy system. Indeed, due to the higher global warming potential
of methane, as little as 3% leakage along the natural gas supply chain can cancel out the greenhouse gas
emission knefits of natural gas vs. coal in power generation, see also IEA (2017), World Energy
Outlook, https://www.iea.org/we02017/

129 While it has not been investigated as a part of analytical work for this assestmeestis also a
possibility that climate change impacts (droughts, forest fires) would have some impacts on viability of
forests as carbon sinks.
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Source: GLOBIOM & G4M

3.6 Total GHG emissions

Excluding the LULUCF sinks, the total GHG emissions in 2030 for the Baseline scenario is
estimated at46% of 1990 level, reducing furthéy 62% in 2050. Including LULUCRsink*®’,
net GHG emissions actually reduce by 48% by 28D by64% by 2050compared to 1990.

Reaching the 2030 renewables and energy efficiency target, both ETS aBd $idargets are
overachieved in 2030 (respectively 49% and 36% GHG emissions conp&teds, seéigure

14). The overachievement in the ETS by 2030 would result in increased surpluses of allowances.
The Market Stability Reserve (MSRjas actually been designed to address such situations,
absorbing such surpluses above a threshold (set in the legislation at 833 million allowances).
Beyond 2030, scarcity will increase again due to the continued linear reduction factor. The
evolution ofthe carbon price will depend on many variables, including expectations about future
scarcity. In the Baselingn ETS carbon price at EUR 28 per tonne of,qi@ 2013 prices) in

2030 contributes to the achievement of the Energy Efficiency and Renewaldy Emngets.

After 2030, the Baseline assumes that, in theEBi©8 sectors, there are no further drivers beyond
market forces (e.g. rising future fossil fuel prices, more competitive renewable sources) and the
continued impact of currently adopted polgisuch as COstandards for vehicles or energy
performance standards for products and appliances and for new buildings as o AQ®ier

reduce energy and consequently emissions. Similarly a number of policies related@@.non
emissions continue tonpacton post 2030 emissions such as waste agddg-legislation.

Figure 14: Total GHG emissions and split ETS/norETS (MtCO.eq)

Note: noRETS emissions do not include LULUCF emissions.
Source: PRIMES

130 Net GHG emissions add to the GHG emissions the so called unaccounted LULUCF sink, as reported in
the EU's BIG inventory to the UNFCCC.
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